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MILITJ&Y CURRICULUM MATERIALS 

The military-developed curriculum materials in this course 
, package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for •dissem- 
ination to the six regional Curriculum Coordination Centers and, 
other instructional materials, agencies. The purpose of 
disseminating these courses was to make curriculum materials N , 
developed by the military more accessible to vocational ■ 
educators in the civilian setting ♦ d 

The*e©urse materials were acquired, evaluated by project 
staff and a practitioners ip the field, and prepared for^ 
dissemination. Materials which were specific to tfte ialitary 
were deleted, copyrighted materials were either emitted or appro 
val ,for tfieir use was obtained/. .These course packages contain 
curricolym resource materials which tan be adapted to support 
vocational instruction and curriculum development. 
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The National Center 
Mission Stateroerit 



The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
^preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 
. ■ j 

• Developing educational programs and 
products - . 



Evaluating individual program needs 
and outcomes 

Installing educational programs and 
products 

Operating information systems and * 
services • 



Conducting leadership development and 
training programs 

FQR FURTHER 4NFORMAT10N ABOUT 
* Mjlitary Curric(j!un\ Material^" 
vmtte Oft CALL * 

Program Information Office 
The National Center for Research in Vocational 
Education n ( 

♦ The Ohio State University 
19*60 Kenny Road, Columbus," Ohio 43210 
A • Telephone: 614/486-3655br Toll Free 800/ 
^ 848-4815 within the continental .U.S. 
(except Ohio) 
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Information nnd Field . 
Services. Division 



The !!a*ion*sl Copier for Research 
in Vocational Education 



Military 

Curriculum Materials 
Dissemination Is? . . . 
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What Materials 
Are Available? 



ah activity to increase the accessibility" of 
military developed curriculum materials to 
: vocational artd technical educators. • » 

This project, funded by the U.S. Office of 

Education, includes the identification and 

acquisition of curriculum materials in print 

form from the* G6ast% Guard, Air Force, 

Army, Marine Corps and tyavy. ' , 

♦ 

^Access to military cyrriculum materials j$ 
provided -through a "Joint Memorandunrvof 
Vlnderetanding" betyveen tbe U.S. Office of 
Education and the Department of Defense, 



Th^'acquired rriateri-als are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech-, 
nical education are selected for dissemination. 



.The National Center for* Research in 
^Vocational Education is the U.S. Office' of ■ 
"Education's designated -representative to 
acquire the materials and. conduct tbe project 
activities. • * 

Project Staff : > . A „.„ 

*> • 
Wesley E. Budke; Ph.D* Corrector % ' 
National Center Clearinghouse - ■ 

N Shirley A. Chase, Ph.D., - * 
Project Director v • _ - , 



One*hun8red twerity "courses on microfiche 
, (thirteen in paper form) and descriptions of 
each have been provided to, the vocational 
~~ Curriculum Coordination Centers aojJ other 
Instructional material* agencies for dissemi- 
nation. - 

\ Course materials -include programmed 
instruction, curriculum Outlines, instructor 
guides, -student workbooks apd -technical' 
manuals. 



( The, 120 courses represent /the 
* sl^feen vocational subject areas; 
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Agriculture « Food*Service, 

iAvi.ation Health * m 

Building &' Keating & Air 

Construction • v Conditioning 

- Trades • lyrachine Shop * 

Clerical Management & 

Occupations ' Supervision 
Communications 
Diiiflincj 



Electronics 
Engine Mechanics 



Meteorology & 

Navigation 
Photography 
Public Service 



The numberof courses and the-subject^areas 
. represented v will expand as additional mate- • 
Viols with ^application to vocational and 
technical education are identified and selected 
for dissemination. 
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How Gap These 
Materials Be Obtained? 

B*. , ^A.wH^-S .. . - - -t. t _ »^.. ...» . r ^.^k 



Contact the Curriculum Cgordinatron Center 
in your region for 4 information on obtaining 
materials (e.g., availability and cost). They 
• will/espond to your request directly or refer 
you to an instructional materiaJs agency 
clo$prto you. ^ 
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This course provides basic information for the design of simple drainage structures for roads and airfields. Some job skills included are 

• Design and construct ditches and culverts • 

• Design subsurface drainage facilities 

• Design ana* use ponding areas , * • * 

• Oesign check dams and drop inlets * «■ N 

i ; v. ' - • . ' - 

This course consists ol five lessons each containing a lesson objective, readings, and reviert exercises on the following topics: 
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Lesson 1 - Basic Drainage Principles covers the importance of^Jrainage, types and functions pi drainage, structures for surface drainage. 

structures for subsurface drainage, temporary drainage during construction, drainage maintenance, road drainage, airfield 
drainage, preliminary considerations for drainage design, data required-, ceconnaisance, general procedure in drainage design, 
design storm, graong, soil characteristics, frost action, uniform heave, differential heave, thawing, and sources of frost- 
action water. » ■ • 



Lesson 2 — 



Lesson 2A - 



.Surface Runoff (Hasty and Rational Methods) is an introduction to runoff and describes the procedures for using the hasty 
- and rational methods of calculating runoff. 



Surface Runoff (Talbot's and QCE Methods) provides the formula 
problems. - *> 



for usi 



ng the Talbot and OCE Methods along wi.th example 



Lesson 3 - Destgn of Ditches and Culverts covers Manning's Formula for figuring design, construction equipment considerations, euivert 
design, size of pipe, flow and velocity, 



Lesson 4 — Drainage Construction, Check Da/ns, Drop Inlets, Culverts, and Ponding is concerned with excavation of ditches with equipment, 
side ditches, errosion control, check dams, drop inlets, length and strength of culverts, strutting nestable corrugated metal pipe 
(CMP), headwalis and wlngwalls, reasons for ponding, ponding design assumptions, ponding specifications, volume, runoff curves, 
analysis of cumulative runoff curve, culvert types, culvert hydraulic-desjgn principles, and culvert design procedures. 

Subsurface Drainage covers subsurfac$drainage criteria, drainage techniques, pipe laying criteria, vertical vv^eUs, filter materials, 
$ L preventing failures, and examples and steps in filter design. < 

• f * 
This course is designed for student self-study and, can be used as' a sub-unit in environmental control, construction, or some types of agriculture courses.^ 

Each lesson has an objective, a coded text, exercises, and answers keyed to the text for student self-evaluation. A course examination of fifty multiple-choice 

questions^ provided, but no answers are available. Supplementary charts and graphs are provided. 
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INTRODUCTION 



' \lore roads and airfields will be required 
'•by our Armed Forces in future wars than' 
f wfere required previously. The enemy's po- 
tential use of mass-destruction Weapons will 
require a greater dispersion of our troops and 
equipment both in wjdth and depth. A vast 
network of roads an^airfields vWU be required 
'to support these dispersed forces and to reas- * 
semble them' |or concerted offensive action. 

. Heavier aircraft and ground- weapons will 
require' the construction of stronger roads 
and airfields than, were needed in previous, 
wars. 

A major factor in constructing and main- 
taining "combat-ready'* roapls, airfields, 'and 
other installations is the control of surface 
■ and subsurface water. * It has been said that 
\a good rpad requires a tight roof and a dry 
Cellar. Water leaking through the surface 
of a road or airfield can weaken these struc- 
tures from the top dotirri. Failures from this 
source may be eliminated by adequate crown ' 
and/or by good wearing courses or pave* 
mcgits. - But even when a watertight surface . 
is provided, suljsurftfce water may enter the 
foundation material and produce failure f rom^ 
the l>ottom. Foundation failures' may be -J 
prevented by the proper use of materials and* 
by- the interception, collection, and disposal 
of the lindesired water* - ' — 

This course covers* the design of simple * 
drainage structures for roads and airfields. 
It will teach you to use rainfall data inselect- 
ing a design storm r to design and ^construct 
ditches and culverts, tp design^subsurface ~* 
drainage facilities, to design and use ponding 
areas, and to design check iams and drop ■ 
, inlets. The subcourse consists of six lessons 
and an examination as follows : 
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2. Surface Runoff (Hasty and Ra- 
tional Methods). * - 

2A. Surface Runoff (Talbot's and 



OCE Methods). 



f 



Lesson 1. 



^asic^Draihage Principles. 



3. Design of Ditches and' Cul- 
verts. " 

* * 4. Drainage Construction, Check 
• , • Dams, Drop Inlets, Culverts, 
and Ponding. 

5. Subsurface Drainage. ^ 
Examination. ^ L^J. 

Eighteen credit hours are, allowed f oj the 
subcourse. * 

? You will not be limited as to the number 
of hours you may spend on the subcourse, 
any lesson, or the examination. 

Materials finished: ' ^ 

Annex A-l through A-6— tables and graphs 
frequently used are separately bound f<pr 
your convenience. 

Charts 1, 2, and 3. • 

Tfie format of tliis subcourse has been 
changed to facilitate student self-pacing and 
to eliminate nhe necessity of submitting to 
the USAES each lesson exercise for grading* 
Each lesson in this subcourse is followed by 
a number of questions and exercises designed 
for a review of that Jesson. After completing 
^tudy of the lesson, the student should answer 
these* questions in the space provided below 
each, then turn to the back of the subcourse 
booklet where ~the correcfanswers have been 
included. A comparison of the student an- 
swers with those .given in tfie back of the 
subcourse will -indicate the student's knowl- 
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edge and unflerstanding of the material pre- 
•sented.. When you have completed all lessons 
to 'your satisfaction, complete and forward 



the examination card which you will find 
. inyour subcourse packet. * 
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LESSON 1 * 

BASIC DRAINAGE PRINCIPLES 

ft 

CREDIT HOURS _' l„_r„ J2£ ' - c — 

TEXT ASSIGNMENT _^ Attached memorandum. 

MATERIALS REQUIRED None. 

LESSON OBJECTIVE _j 1 — • To teach you the importance of adequate 

t ^ drainage, theater-of Operations drainage 

. ^ 4 ) • u * considerations, and how to" use rainfall 

- " * . data. \ / { 

SUGGESTIONS _1„ ^ *_„.„R$ad the attached memorandum through 

rapidly tp obtain a "knowledge of its scope. 
Then read it through carefully, underlining 
thejrnfiortant points arid objectives. Read 
the review questions at the end of the les- 
son. Study the lesson, searching for an- 
• swers toihe review questions, and write 

your answers in the spaces provided. 
Finally, check your answers with the an- 
swers given foKthis lesson at the back of 
* m » this booklet: Review as necessqry. ■ 



ATTACHED MEMORANDUM 



1-1. IMPORTANCE OF DRAINAGE the runways and taxiways. One severe acei- 

Drainage is^important'consideration in - * ^ent resulting from inadequate drainage may 

the planning.Vesign, and construction of offset ^ dference between the cost of 

military roads and airfields, both as to con. , reasonably adequate and less-than-a^quate 

struction and. use. The entire serviceability ' f&ah ^ Adequate drainage, including the 

of the road depends on Inadequacy of the °f pumpmg facilities of even a temporary 

drainage system. The washout of a single natu ^ e ^f of ™P°rtance durmg the 

culvert may close the road to traffic at * P en °<K construction^ .^adequate dramage 

crucial time. The development of a soft spot rea ^ » """toaljce of construction 

may lead to- rutting and displacement and to • seriously mterferes with the 

eventual closing of the road for repairs. efficiency Of both men and equipment. The 

Properly designed and 'constructed drainage ^ rat construction work on any project should - 

systems are equally vital to the functioning provide drainage for the work to follow. As 

of an airfield.- It is* most important that construction progresses, every effort sliould 

adequate drainage facilities be constructed be made to complete the drainage system as 

to remove effectively any surface water from planned, in order to avoid any damage which 



might be caused by accumulations of mud, 
water, ice, and debris. Flooding caused* by 
inadequate drainage may lead t to failure of 
road and {tirfield surfaces. Engineer officers 
and noncommissioned officers.should be fully 
aware of the function c$ drainage, including 
adequate drainage during Construction, and 
the proper methods of providing it. The 
importance of drainage ,in road and airfield 
design and cohstruction cannot be overem- 
phasized. 



1-2. 'TYPES AND 



FUNCTIONS Of 



DRAINAGE 



All drainage can" be classified as surface or 
subsurface. Classification depends on wheth- 
er the water & on or below the surface of 
the ground at the point where it is first inter- 
cepted or collected for disposal 

^ a. Surface drainage. Surface drainage 
provides for the collection and removal of 
water from the surface of roads, runways, 
taxiways, and hardstands. This is important 
because water on th^ surface interferes with 
traffic, may cause erosion, and, if allowed to 
infiltrate, can cause injury to the subg^ade. « 
Surface drainage also provides for the inter- 
ception, collection, and removal of surface 
water flowing toward road, and airfield sur- 
faces from adjacent ^areas. 

b. Subsurface drainage. Subsurface 
drainage is similar in some respects to sur- 
face drainage. Impervious strata may form 
well-defined channels and reservokk for sub- 
surface water. Water isjpresent under the 
surface 'because of infiltration of surf ace 
water. Surface water seeps down through 
open or unsealed surfaces; or laterally on top 
of impenrious soil or rock layers. Accord- 
ingly, properly designed*&nd maintained sur- 
face^rainage systems should reduce the need 
for spedfal facilities for control and disposal 
of. ground water .^Ground water *njay- pond 
above imperyious strata to form a subsurface 
lake (which is often called a perched water 
table). Subsurface drainage is provided to- 
intercept, collect, and remove any flow of 
ground water ^into ^ the subgrade; to lower 
, high water tablfes;-to drain water pockets or 
perched, water tables; orfor any combination 



of these purposes. The employment of sub- 
' surface drainage to prevent frost action 
damage is discussed later in this lesspn. 

*» 

1-3, STRUCTURES FOR SURFACE DRAINAGE 

a. Crown or transverse slopes. Surface 
water is removed from* road and airfield 
pavements or wearing cpurses by providing, 
adequate crown or transverse slopes. Para- 
graphs 1-7 and 1-8 d&cribe crown specifica- 
tions for roads and airfields respectively. 

b. Open channels other than ditches. 

(1) Gutters. Gutters* or combination 
curbs; and gutters, are used to collect and 
control surface runoff where open ditches 
would be hazardous or impractical. They are 
most commonly employed along streets in* 
densely settled areas, and along roads 
through heavy cuts where the width of the 
roadway is limited. 

(2) Dikes. Dikes or intercepting em- 
bankments are used along shoulders on higli 
fills, or along the tops of cut slopes, to collect 
runoff. ~Such cunoff may be' directed into 
flumes, or into' Natural drainage courses to 
prevent the erosion of s unstable slopes. 
Flumes are installed on the surface of steep 
slopes to carry the accumulation of surface 
water to open ditches or to natural drainage 
channels. 

* c. Ditches. Ditches, alone or in com- 
bination with natural watercourses, provide 
the simplest as well as the cheapest and most 
efficient methods^ handling surface water. 
The detailed design of ditches is covered in 
lesson 3. The following subparagraphs dis- 4 
cuss some factors to guide you in the use and 
m location of ditches, as illustrated in figure 1-1. 

(1) Diversion ditchess. At every op- 
portunity drainage water should be diverted 
or discharged from collecting channels or side 
ditches intq, natural or artificial channels and 
carried away from the site. This diversion 
keeps side ditches and channels reasonable hi 
size, and reduces the seepage from the ditches 
into th^ subgrade. 



1 — 2 
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Tigiire 1-1. Structures for surface -drainage. 



m % \(2) Interception dltehes. Much of the 
surface watSr originating on adjacent areas 
which slope toward a .construction site can 
be intercepted and carried pff in interceptor 
ditches before it reaches *the site. Intercept- 
ing the surface water reduces the volume of 
flow into drainage facilities within the oper- 
ating areas and prevents drainage structures 
from reaching uneconomical s&es. Without 
interceptor ditches, all' of the water from a 
hill would flow- along the inside or clit-side 
Hitch. The pipe necessary to provide for the 
gradual increase of dow^would be excessive 
■ in size and very expensive. 

* u 

(3) ; Plating of ditches along fills. In 
some cases, drainage, pitches must be con- 
structed parallel to the edge of a- fill. ^Whefi 



this is necessary, the ditch should be dug 
into the natural ground. The fill-ground-line 
intersection should not be used as the bottom 
of the ditch because surface water would tend 
to infiltrate and weaken the fill. A berm 
should be placed between the ,toe of the fill 
and the ditch when the fill is over 4 feet hij 
Figure 1-2 illustrates both the correct and the 
incorrect method for. locating a ditch parallel 
to a fill. ' 

cL Storm drains. Jn permanent construc- 
tion, storm drains are frequently used because 
property values will.not permit large surface 
ditches, particularly for disposal \of collected 
runoff. Storm drains are seldom justified for 
theater-of-operations construction because it 
is more economical to use open ditches. When 
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INCORRECT 
LOCATION 




NATURAL GROUND UNE 



.CORRECT * 
- LOCATION 




CORRECT 

LOCATION v 




NATURAL GROUND UNE 



space is restricted, or the natural slope of the 
' ground is unsuited for the use of open chan- 
nels, it may be necessary to install storm 
drains to provide for the disposal of surface 
water. A storm-drainage system is very, dif- 
ferent from a sanitary layout A sanitary 
system must gather all sewage into one col- 
lecting system ancj carry it to a treatment or 
disposal plant Storm drains are beat installed 
in small units, each unit draining a small area 



* r- » . 

Figure Constructibn of ditches, parallel to fills. x *< A 

arid carrying the water to the nearest^watei'- 



course. 

e. Culverts. Culverts are used under 
roads, taxiways, and, occasionally, under run- 
ways, to carry water that cannot be diverted 
economically £o natural drainage channels by 
other moans. They differ- from storm drains 
in that they generally conform to the grade 
and alinement of the open ditch, stream, or 



1 — 4 
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natural drainage course at iplet and outlet 
ends. Additional information about culverts 
and culvert design is, contained p^tessons 3 
and 4, 

1-4. STRUCTURES FOR SUBSURFACE DRAINAGE 

In most cases, the presence of excess water 
in the subgrade or base course reduces the 
stability of the pavement foundation and in- 
creases damage from frost action. Subsur- 
face drainage removes this excess water by 
lowering the water table, by accelerating 
water flow, by providing, a ready outlet for 
slow-moving ground water, or by intercept- 
ing such water before it reaghes the areas 
that it could damage. Opeu 'channels, sub- 
drains, combination drains, and vertical wells 
are used to control ground water. 

a. Open channels.* Subsurface drainage 
may sometimes be accomplished by providing 
side ditches or making existing .ditches 
deeper. Such -ditckes or open channels often 
lower the water to a safe level and also inter- 

* cept seepage. Deep ditches are often imprac- 
tical and are hazardous and sfiouH not be 
located adjacent to a roadway or runway. 
The ability of open channels to collect and 
remove subsurface water depends .upon the 
n&ture of the subsurface £oil, the location of 
the channel wi^h respect to .the pavement, 
and the availability of a suitable outlet for' 
the water collected* 

b. Subdrains. Subdrains (also referred 
to as subsurface drains, subgrade drains, 
and underdrains) 8re underground drainage 
lines or ducts used only to c&lledt and" dis- 
pose of grourid water. Subdrains "may be 
constructed of porous concrete, perforated 
clay pipe, or perforated corrugated metal 
pipe laid with closed joints, or imperforated 
concrete, clay or tile "pipe, laid with opei} 
joints. These pipes shpuld be' enclosed in a 
laysr of selected filter material. Blind drains 
constructed of crushed rock' or gravel of de- 
sirable graduation, and drains improvised out 
of timber, lare- other methods 'employed for - 
subsurface drainage. . Subdrains made ,.of 
pi$e, as well as blind or French drains, should 



JO-' 

be provided ' with >fre$-fiowing 6utlets,- and, 
insofar as is practicable, should be ^construc- 
ted to> prevent « backwater in 'fee drain. A 
more complete! discussion of subsurface 
drainage is givW in lesson 5. % 

c. Combination drains. Underground 
drainage lines which combine subsurface and 
surface' drainage are known as combined or 
combination drains. Combination drains usu- 
ally consist of a subdrain modified to per- 
mit the entrance of surface-water. This is 
accomplished by extending the filter material 
surrounding the drain to the ground surface, 
or near the surface, and coveijng with a 
pervious soil layer. -The installation of com- 
bination drains should be avoided, when 
possible, since they allow infiltration of sedi- 
ment and washing of soil from the trench 
sides into the system. This usually lekds to 
more ^maintenance and ^repair work on the 
pavement adjacent to the drain, and will re- 
quire the additional work of cleaning the 
drain pipe. % '* 

* * ' 

,d. Vertical wells. Vertical wells are 

sqgaetimes constructed to permit trapped 
subsurface water tie* pass through an imper- 
vious soil or rock layer to a lower, freely 
<lra?ning layer or soil/ If drainage is ob- 
structed, additional wells s are driven, or the 
pocket is drained with ^ a lateral subdrain 
system that is easily mfindaned. Vertical 
-wells are often used in northern latitudes, 
where deep freezing is common, to permit 
fast runoff from mel^Sig snow to get through 
1 the frozen^sbil^and r&ejti j^pervious stratum.- 
The bottoms of these wells are treated .with 
calcium chloride or a layer of hay to prevent 
freezing. 

1-5. TEMPORARY DRAINAGE DURING 
CONSTRUCTION 

Proper consideration j of drainage during 
the construction period [will frequently elimi- 
nate costly initial delays and future failures 
due. to saturated subgtades. A careful con- 
sideration of the following items will aid in 
maintaining satisfactory di^ainage dqring .the 
construction period. * ; * . 
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a. Diversion and outfall flitches. Drain- 
..age necessary at the site to eliminate water 
which would interfere with construction 
operations includes excavating diversion 
ditches to concentrate a}l surface water, in 
natural channels, and building outfall ditches 
to <irain low or swampy "spots. Such work 

• is an initial operation and may fcrocSe^ at 
the same time as clearing and grubbing. 
Careful consideration should also be given 
to the drainage of all construction rpads, 
equipihent t areas, borrow pite^knd .waste 
areas. • ^ 

b. Use'of existing ditches and drainage 
features* Maximum use of existing pitches 
and drainage features shoul<tbe,made. Where 
possible, grading operation should proceed 
downhill, both for economical grading and" 
to utilize natural drainage to the greatest 
extent. Backfilling existing ditches and 
drainage channels should be so scheduled 

to permit the longest possible use of these 
structures t for temporary* drainage. 

c* The use of temporary crowning. It is 
necessary to maintain well-drained subgrade*' 
and base courses at every stage of construc- 
tion to prevent detrimental saturation. When 
work is temporarily suspended a particular 
effort should be made to rejmove runoff from 
the site. C&t and fill^ectionp must be crowned 
and high shoulders must be lowered. 

d. Coordination of drainage plans. Con- 
struction drainage plans should be coordi- 
nated with the layout and design of final 
drainage' facilities to insure maximum use of 
temporary drains in constructing, pernfanent 
facilities. * " 

1-6. DRAINAGE MAINTENANCE ^ 

The. drainage system must ; be maintained 
^so that it can function efficiently at all times. 
This goal ^can be obtained through adequaf& 
maintenance inspections of -the structures, 
„with v careful attention to removal of debris 
and prevehtion of erosion. Pex. >ds of % dry 
weather must be utilized in improving the 
^drainage system and correcting and prevent* 
ing drainage failures. Any deficiencies in the 



original-drainage-systems layout'must be cor- 
rected a^-they are discovered. . 

a. Surface drainage. Defective or inr 
adequate drainage is responsible for maiiy 
pavement failures and much -deterioration. 
Ponding <# delayed runoff of surface water' 
allowte seepage unless*the surface is tightly- 
sealed.. Areas are marked where inspection ' 
after rains reveals ponding of^urface water. 
Correction is made by filling or raising local 
depressions, by providing /additional culvert 
capacity, and by providing outlets for water 
obstructed by high shoulders. Penetration of 
storm waters through pavement is cqntrolled 

by sealing joints and cracks. 

b. Ditches and drains. Drainage ditches ^ 
must be kept clear of weeds, £rtish, sediment, \ 
and other accumulation of debris that ob- V" 
struct the flow of water. Ditches are main- 
tained as to line and grade, and sags and 
minor'washouts axe corrected as they occur. 
Unnecessary blading or cutting, which de- 
stroys natural .ground cover, is avoided in 
dealing and shaping. Dense sod is developed * 
to stabilize open ditches. Where vegetation 

is not effective Hecause of soil or moisture 
conditions, erosion may be corrected by lining 
the ditch: vrifti riprap or compacted bitumi- 
nous mix. Clogged ^drains and culvert pipes 
are opened by cleaning out excess pediment' 
Culverts which have settled, heaved, or which . > 
have been puslied out of line are repaired or I 
replaced. — = 

p c. Winter maintenance. Special atten- 
tion must be 'given to drainage maintenance 
during thaws if tjhere are accumulates of . 
snow.. Side ditches are cleared of snow^and 
channels are opened through snow~3fccumu- 
lations on the shoulders to permit water to 
escape into the ditche^ Every precaution is 
taken to prevent melt water from ponding 
on the rumteyrson the Shoulders, or in side ' 
ditches. Culverts and drains are kept free 
of ice .and snow. ' 

1-7. Sre6t/fc CONSIDERATION^ FOR ROAD 
> DRAINAGE . K 

The basic objectives and requirements for 
surface and subsurface drainage are covered 
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in ^vious* paragraphs. , A few* additional 
considerations . are presented here because of 
Iheir particular application to road drainage. 

a.^ Drainage rot road* surfaces. Surface 
water is. removed from the roadbed to keep 
it from , penetrating the surface and wetting 
, the subgrade. Removal of this water is ac- 
complished by the introduction of a crown 
* pr , of a transverse slope across the entire 
roadbed width, or bys\ip6relevationon curves. 
The amojint of slope v provided by crowning 
generally depends upon the* type of road sur- 
face. All smooth-surfaced roads are crowned 
between % and y 2 inch per foot Gravel- roads 
and other rough, untreated surfaces require a 
crown of % to % inch ter *?ootr In moun- 
tainous terrain, where sidehill cuts and fills 
are necessary, side.^oping is frequently used 
instead of crowning. This is done in order 
to divert all surface water to the ditch on the 
inner, or cut, side of the road, and thus pre- J 
vent erosion on the outer, or fill, side. Super- 
elevation serves in place of crowning to take 
water «from the surface of the road on curves. , 
, Open-top culverts constructed of logs, timber, 
or rocks ^may be used on steep grades where 
heavy flow is expected down the road surface. , 
They are placed at 'an angle of about 60° to 





Figure 1-3. Timber open-top' culvert. 



Figure 1-4. Log open-to^ culvert. » 

the centerline or 30° to the perpendicular of 
the road. See figures 1-3 and l-£ 

( b. Side (iitches. Water draining from 
tfie roadbed surface is collected into side 
ditches for disposal. These side ditches gen- 
erally serve to collect water from a consider- 
able area adjacent to the road, They should 
be large enough to accommodate the runoff 

Jarth from the roadbed and adjacent areas* 
Side ditches are a potential danger to traffic. 
To reduce this danger to a minimum^ the 
shoulders should be .qonstructed as wide as 
is practicable, with a minimum width of 4 
feet, and with a uniform slope toward the 
ditch. If po&sible, the required crpss-sectional 
area should be obtained by constructing' a 
brfead, shallow trapezoidal ditch. This type 
of ditch has a large capacity. Its minimum 
depth below the edge of the shouder should 
be f^et The minimum practical trap- 
ezoidal section is iy 2 feet deep and 2 feet 
Vide at the bottom. Side slopes should not be 
greater than iy 2 to 1 in cohesive soil, and 3 
to 1 in sandy or loq^my soils. When possible, 
ditches should be deep enough to lower the 
ground-water table under the road to below 
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the 'subgrade elevation, and thus permit 
drainage of the subgrade by seepage into the 
ditch. Where it is economically possible to 
develop and maintain turfed drainage chan- 
nels, the side slopes should not be steeper 
than -4. horizontal to 1 vertical to facilitate 
mowing and other operations incident to 
maintenance'. Ditfthes with comparatively 
flat side slopes must.be protected by "rigid 
traffic control against indiscriminate crossing 
by vehicles. 

c^ Ditchirelief culverts. On sidehill cuts 
Of wherever roads intercept surface water 
either in cut or fill, the water is drained to 
the fill side of the road by" ditclj-reiief cul- 
verts. This is done to prevent ditches from 
reaching uneconomical sizes op dangerous 
depths and to prevent erosion and saturation 
'of gubgrades by the increasing volume of 
water. On 8 percent grades, ditchrrelief cul- 
verts are spaced about 300 feet apart; on 5 
percent grades, 500 feet apart Earth ditch 
blocks or headwails are used to prevent the 
water fronfrflowing past the culvert. In deep 
cuts it may he cheaper and quicker to install 
culverts than to increase the width of the 
excavation to provide space for wide side 
ditches. ^ 

<L Subsurface drainage. Subsurface 
drainage is very rarely .used in military roads 
except where it is expedient for special local 
conditions such as drainage'base courses sub- 
ject tq excessive saturation, draining ground 
water encountered during 'construction, or 
draining craters or frost boils during -repair 
and maintenance operations. An effective 
method to drain the base course is Jto^fit 
trenches through the shoulder to the bottom 
of the base course at approximately 150-foot 
intervals on the low side of the subgltade, . 
aad backfill with pervious material; Where 7 
the longitudinal slope of the base is greater 
than its transverse slope, transverse ditches 
(approximately 1 foot in width and to a 
depth of 1 foot below the bottom of the base . 
course) are excavated completely across the 
base course and through the low s toulder ' 
The ditches are backfilled with pervious ma- 
teria^ They should be placed at the low point 



of grades and at, the 'meeting points of fill 
^nd cut , ; v' 

1-8. SPECIAL^CONSIDERATIONS FOR AIRFIELD 
DRAiNAgE. , 

-* 

Basic information applicable to drainage 
and drainage systems is contained in previ- 
ous paragraphs. A few additional considera- 
tions are pres$nte£ here because of their par- 
.ticular application to airfields. . 

* ' a. Drainage of runway and taxiway 
surfaces. Provision must b6 made for posi- ' 
tive disposal of surface water from runway 
and taxiway surfaces by shaping the cross 
section to shed water to the side's. The maxi- 
mum permissible transverse slope for run- 
ways is normally 3 percent. For drainage 
purposes, a minim um longitudinal grade of 
0.4 percent should be maintained. Maximum % 
and m i ni mum grades for jjtmways and taxi- 
ways are given in TM 5-330 and in pertinent 
Air Force publications. Shallow -V-difches 

<Mth side slopes of from 4:1 to 10:1 may be 
constructed, starting at the outer edge of 
the runway or taxiway shoulder. Deep 
ditches {froduce an operating hazard and, if 
u§ed, must be located from about 100 to 175 
feet from paved surfaces. 

b. Effects of .drainage on general de- 

• sign. Proper grading is th# most important 
single factor contributing to the success of 
the drainage system, and the grading and 
drainage plans must be carefull ^coordinated. 
Although runways, taxiways^ardstands, 
and aprons must be laid out to conforin to 
certain basic principles and specifications, 
care should- be taken in -determining the ex- 
act location of these structures so as to facil- 
itate drainage as much" as possible. Airfield 
layout should be planned to take full advan- 
tage of topography in drain/ng the site, to 
.utilize the existii\g natural drainage system, 

' and to avoid small .hard-to-dfain areas. Th$ 
exact location of the runway may be governed 
by soil conditions, since subsurface water and 
'drainage characteristics oftthe soil may vary 
widely between alternative runway locations. 
The two drainage factors affecting the posi- 
tion of grade and centerlines are the sh&pe t 
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and size of structures required in natural 
drainage channels crossing the runw,ay or 

* taxiway, and the height of the ground-water 
table. Raising the f>aving grade may be nec- 
essary .fq (1) obtain sufficient crown, or. 
transverse slope; (2 J to provide a minifftum . 
of 1 foot between the ground-water table or 
capillary water and the bottom of* the base 
course in soils where subgr^de drstinage is 
impractical; and (3) to maintain the re- 

• quired minimum cover above drainage struc- 
tures. Drainage considerations, in conjunc- 
tion with soil conditions, also determine 
whether or not the runway surface must be* 
impervious. 

c Erosion control. Erosion control at 
an airfield site is not only required to keep 
\the drainage system effective- with a mini- 
mum of maintenance, but also to avoid pos- . 
sible hazards to operations because of oust, 
Seeding and planting open channels and dirt 
surfaces 'prevents erosion and increases sta- 
bilization. Erosion control in rionuse areas , 
m^y frequently be accomplished by terracing, [ 
in conjunction with a well-developed turfing' 
program. The terrace consists of a low, 
broad-based earth levee constructed approxi- 
mately parallel to the ground contours, and 
designed to intercept overland flow before it 
can cause erosion, and, to conduct • it to a 
suitable discharge point TM 5-330^discusses * 
the design of terraces, ^ 

1-9. PRELIMINARY CONSIDERATIONS FOR 
DRAINAGE DESIGN > 

a. Objective, The drainage system must 
be designed to remove, all surface water ef-- 5 
fectively from operating areas, to intercept 
and dispose of surface water from adjoining 
areas, anc^to intercept and remove detrimen- 
tal ground water. The drain'agfe system 
should i be designed »to meet operational r% • 
auirements with the selected ^design storm 
to be dependent upon location, facility served^ 
local conditions, and the like. x 

b % Type of installation. Consideration 
must be given to the proposed use of the 
" road or airfield. If the road or airfield' is to 
be used for only a short period of time, such 
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as one or* two weeks, hasty design proce- 
dures would probably be used. However, if 
improvement or expansion is anticipated 
after the original operational requirements 
are met, drainage should be designed so that v 
any. future construction * does not overload 
ditches, culvert§, and* other drainage facili- 
ties. When all-weather operation is required, 
the drainage problems are more difficult thdb - 
if theftoad or airfield is to be us£d only dur- 
ing certain periods. 

c Engineer resources. The availability 
of engineer resources is ail important pre- 
liminary consideration. Heavy equipment, 
such as dozers, graders, scrapers, and potfer 
shovels, is coijimonly used on drainage proj- 
ects. Where unskilled labor is available in 
large quantities, together with the necessary 
hand tools, much work can be done by hand. 
Provision must be made for the proper use 
of all available materials necessary for cul- 
verts, ditch lining, bridges, drains, and re- 
taining walls. 

1-10. BASIC INFORMATION AND DATA 
REQUIRED 

• Before any design can be undertaken, cer- 
tain basic information must be available. The 
amount required, of course, varies with the 
complexity of the design. 

^a. ' Topographic data, ^he best available 
topographic map should be utilized for lay- 
ing out drainage facilities because the topog- 
raphy greatly influences £he rate of runoff, 
and largely determines the number and size 
of the drainage structures required to drain 
a given area. Contour maps or aerial photo- 
graphs of the road or airfield site and the 
land adjacent to it should show alj natural 
watercourses. If possible, contributing areas 

• should be defined or their areas indicated on " 
the Jargest-scale map that can be obtained. 

b» Precipitation data. Because the max- 
imum rate at which rain falls is one of the 
most important factors to be estimated as 
a basis for drainage design, all possible rain- 
fall data, such as frequency, intensity, arid 
duration of storms, should be considered to 
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aid in the determination^ of this rate. Rates • 
of precipitation vary considerably between 
different areas on the same/fontinent (see 
; fig 2-5, les?on 2, world isohyfctal njap) ; rairi- 
fall data for the locality being considered is of 
primary importance in designing a drainage 
system that will insure prompt removal of ♦ 
surface water and positive control of ground 
water. Ordinarily the most intense rain-* 
storms that occur in a localised area are 
short, intense storms such as thunderstorms. * 
It is common practice to design storm drains 
to provide for disposal of runoff from rain- 
fall having certain average recurrence inter- 
vals or 'frequency of occurrence. The rainfall 
intensity, corresponding to a particular fre- 
quency of occurrence varies appreciably with 
the duration of the rainfall, the average fate 
for a period of 5 'minutes usually being sev- 
eral times higher than the average for a 
period of 1 hour. A study of rainfall inten- 
sity-frequency data for V large number of 
weather stations Mndk^tes that there are 
fairly consistent moonships between the ' 
average intensity of rainfall for a period of 
, 1 hour and the average rates of comparable 
frequency for shorter intervals, regardless; 
of the geographical location of the stations' 
or frequency dt 1-hour rainfall. Consequently 
standard curves may be developed to express 
the rainfall "intensity-duration" relation- 
* ships, with an accuracy satisfactory for road 
and airfield .drainage problem^ (fig 1-5). ' 

c, -Infiltration. The .'term infiltration re- 
fers to the -absorption of rainfall ' by v th£ 
ground during a rain storm' The infiltration 
capacity^ or Ability of a soil to absorb pre- 
cipitation, normally decreases as the duration 
of rainfall increases, until a fairly definite - 
absorption rate, is reached. Variations in,ihe ' 
state of compaction, soil-moisture deficiencies 

at the beginning of rainfall, and the elevation 
of the ground-water tatfe/may greatly in- 
fluence the infiltration Capacity of a partic- 
ular soil. 

d. Temperature and frost data. Tern- * 
perature and frost data, with particular at- ) 
tention to maximum depth of frqpt penetra- L 
tion, should be ascertained. 



e. Soil and ground- water, data. Soil and 
ground-water <Jata should be obtained from, 
a soil survey. - * 

f • ' Other data. The necessary charts, 
graphs, and' tables for the design of t|ie vari- 
ous types and sizes of. culvert construction 
, materials should be procured. 

Ml. DRAINAGE RECONNAISSANCE 

A ground reconnaissance should provide 
much additional information beyond that 
mentioned in the preceding paragraph. Stich 
a reconnaissance is ""desirable because many 
conditions ^hat affect , drainage can be ob- 
served only l)y visiting the site. Ih'mpny 
places, gullies and other drainage ^paths in- 
dicate the effects of previous rainfall. Pud* 
dies, soggy earth, and aquatic-plant growth 
all indiqate that, for at least a portion of the 
year, the natural drainage is inadequate for 
construction work* Dry and cracked earth 
is a sign of loss of water through evaporation 
and may indicate an, impervious subsoil and 
inadequate subsurface drainage. Adjacent 
streams should be studied, to determine -the < 
probability of floods and to determine, the 
drainage outfall elevation. Similarly, in 
coastal areas, the elevation of high tide 
shotted be noted to determine the drainage 
outfall elevation and possible overflow. 
Springs, quicksand, seepage from steep 
banks, and other indicators of high ground- 
water levels should be looked for. The type, 
density, and extent of surface cover shoUd 
be noted, since {he presence or absence of 
vegetation greatly influences runoff , charac- 
teristics of the area. 

1-12. GENERAL PROCEDURE IN J)RAINAGE 
DESIGN * 

Preliminary consideration of , the type of 
installation -required, the engineer resources 
available, and the amount and reliability of 
the data collected determines the degree of 
design necessary. The following steps are es- 
sential in the design procedure. 

a. A very close study of a topographic 
map is made to identify the areas that may* 
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contribute surface or subsurf ace flow to the 
construction site. .The directions of all natu- 
ral, and subsurface flow, to and from the&te, 
are determined- If p, ground reconnaissance 
has not been made previously,- one should be 
made to confirm this map study. 

b. > The proposed construction is then 
laid out on the largest-scale map or aerial 
photoglyph obtainable. Special attention is 
given to the utilizatipn of natural drainage 
channels. 

c In the case of po£3s, a proposed 
grade and ground profile is then prepared; 
In the case of airfields, a working drainage 
drawing is made showing the layout and the 
tentative finished grading by means of con- 
tours. Drainage areas are outlined on 'the 
map, and their size obtained by scaling or , 
planimetering. 

d. The design discharge from each 
drainage area is determined, as) described in 
lesson 2. Required sizes of channels, pipes, 
and culverts at critical points in the drainage 
system are f then determined as outlined in 
the same lesson. Frequently, it will be neces- 
sary to make several drainage layouts before 
the most economical system, with a proper 
balance between grading, surface drainage, 
and subsurface drainage, can* be selected. 

1-13. DESIGN STORM 

The design storm is that storm which may 
be expected to be equaled or exceeded on an 
average of one time during the design period. 

a. The term "de&ign-storm criteria" re- 
fers to the rainfall intensity-duration curve 
adopted as a basis of design for determining 
the capacity of drainage facilities for a par- 
ticular area. The rainfall intensity-duration 
curves represent average rates of rainfall for 
various durations that have the sameWerage 
frequency of occurrence. Such intensity-du- 
rition curves are computed from data for a 
number of storms; consequently, all of the 
intensities represented by a particular curve 
may *not be expected in the same sflorm— at 
least not with the frequency indicated. 



b. Drainage fog military construction 
should be based on a 2-year design storm 
frequency, unless exceptional circumstances' 
require greater protection. 

" to. The rainfall intensity-duration value 
required to produce the maximum drain-inlet 
discharge corresponding to a given, design 
storm criterion, taking into consideration all* 
drainage area characteristics and ponding 
effects, is referred to as the "design storm- 
rainfall". To simplify the preparation of 
. generalized diagrams for estimating drain- 
inlet capacities required under various con- 
ditions for design storm runoff, rainfall is 
assumed to follow the standard rainfall-dura^ 
tion curve shown in figure 1-5. . C-l 

<L The design-storm frequency serves 
as an index to the average frequehcy with 
which some portions or all of the storm-drain 
system will be taxed to capacity. The selec- 
tion of the design storm ;» frequency for a 
particular project must be based primarily 
ui>on judgment, with consideration of the pur- 
pose and importance of the given road or 
airfield and such economic and engineering 
limitations as may exikt The duration of 
rainfall required to produce the maximum 
rate of cunoff will depend primarily fipon the 
length of overland flow, taking into account 
surface detention, roughness factor, jmd 
other surfaqe-runoff characteristics. 

e. The design-storm frequency alone is 
not a reliable criterion of the adequacy" of 
storm-drain facilities. In many instances, 
storms appreciaSly more severe than the de- 
sign storm may cause very little damage or 
inconvenience, whereas, in other cases, flood- 
ing of important areas may result. It is gen*, 
erally advisable to investigate the probable*' 
consequences of storms more severe and less 
frequent then the design storm, before mak : 
ing a final decision regarding the adequacy 
* of drain-inlet capacities. 

1-14. CONSIDERATIONS FOR SUBSURFACE 
DRAINAGE 

One of the first considerations of the eng> % 
neering officer should be the selection of a 
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construction site which eliminates or mini- 
mizes the -need for surface and subsurface 
drainage. If it is impossible or impracticable 
' to locate such a site, then one of the most 
important features of the design of a road- 
way or an airfield is the jproper incorporation 
of & subsurface drainage system urthe over- 
all plan. The Highway Research 'Board has 
given the opinion that the majority of sur- 
face failures can be .attributed to faulty* sub- 
surface drainage.. Although the pavement 
protects tl^elbase to some extent from direct 
w infiltration of water, it is possible" for water 
to reach the base indirectly from less pro- 
tected surface areas. It is the purpose ot a 
well-designed drainage system to 'intercept 
this flow of water before it 4 reaches a partic- 
ular area, or to lower the* water table, once 
the water .has infiltrated into the soil. 

1-15. RELATIONSHIP TO GRADING * 

The problems relating to subsurface drain- 
age may best be handled when construction 
operations on*a road or airfield are initiated" 
because grading operations necessary for 
good drainage may be combined with grading 
operations necessary fdr the primary con- 
struction. The importance of the relationship 
of proper grading to good drainage cannot 
be overemphasized. . 

1-16. SOIL CHARACTERISTICS 

The degree t& which drainage becomes a 
problem depends to a large extent upori the 
characteristics of the soil where the con- 
struction is undertaken. Soils may be divided 
into thr^e general groups as to their drain- 
age characteristics: 

^ Weil-draining. Well-draining soils 
such as clean sands or gravels, may be drain- 
ed by the use of a gravity system. In roarf 
and airfield construction open ditches may be 
used to intercept ^nd carry away water that 
comes from the surrounding areag. In gen- 
eral, if the groundwater table around the 
site of a constructioik project is controlled 
in these soils, it will be controlled tinker the 
site, also. 



b. Poor-draining. Poorly drained 'soils 
include organic and inorganic* fine sands and 
silts and coarse-grained soils containing an 
excess of nonplastic fines? In general, the 
flow of water in such soils is impeded by their 
characteristic density. It may be quite dif- 
ficult to lower the water table in such soils 
by the use of a gravity system ajone. In cer- 
tain cases, a system consisting of closely 
spaced perforated-pipe drams may prove ef- 
fective Another solution for a drainage con- > 
dition of this type is to replace the relatively- 
impervious soil with a pervious weU-draining* 
type. This is- the best solution if the poor- 1 
draining soil is surrounded b^ a well-draining 
soil since this condition, if uncorrected, is 
very conducive to .differential frost heave. *> 

J^°c* Impervious soils. Impervious , soils 
are fine-grained, homogenous, plastic soils ~ 
and coarse-grained soils containing plastic 
fine§. Subsurface drainage is so slow in these 
soils that it is of little value in controlling 
their moisture content. Any drainage pro- 
cess in such soils may be difficult and expen- ' 
sive. The best means of securing adequate 
drainage would be to replace , the impervious 
soil with a good pervious soil. 



1-17. DESTRUCTIVE EFFECTS OF FR 

In certain climates where the air tetnpera- v 
ture may reach or go below the freefcingfpoint 
of water the combination of a high water 
table and poorly drained soils may result in 
frost heave .or frost boil. These usually have 
a very injurious effect on any wearing sur- 
face, the extent of which depends upon 
whether uniform or differential heaving oc- 
curs. 

1-18. UNIFORM HEAVE 

Uniform frost heaving occurs if both the 
soil characteristics and the paving character^ 
istics are the same over the area in question. 
It is necessary that conditions be. similar 
throughout the area in order that the freez- 
ing process proceed upflformly. Although the 
grouncPievel may displace upward, the dis- 
placement is the same over the entire area;W' 
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hence no destructive cracks are caused by 
unequal displacement of adjoining sections. 

M». DIFFERENTIAL HEAVE. 

Differential frost heaving, on the .other 
hand, occurs when subsoil conditions are not 
uniform throughout the area, with the result 
that one section freezes and expands before, 
or to^ greater extent than, an adjoining 
section does. Such differential movexpent can 
break up rigid pavements and cause serious 
harm to flexible pavements when coupled 
^with the. tawing process. Figures 1-8 and 
1-7 show theMtorts-^^fferential frost heave 
on rigid. and flexible paVements. 

1.20, KINDS OF THAWING 

When the subgrade starts to thaw, the 
damage which results is dependent almost 
entirely upon the kind of thawing, since, de- 



pending upon weather conditions, thawing 
may proqeed in three ways: 

a. Thawing from the top down. This 
occurs when the air temperature suddenly 
rise$ from below the freeing point to well 
.above it and remains therefor some time; 
This type of thawing causes a^lifficult prob- 
lem because the frozen layer below the thaw- 
ing zone is impervious and represents a bar- 
rier through which the water coxn^^from 
the top cannot passrSince, the soil beneath 
the pavement is in a sup^rsaturated^atate it 
provides little support for the road surface 
and the repeated action of heavy wheel loacls 
causes deflection of the pavement thaf dis-^ 
places the soil particles and water directly 
beneath the pavement This is what is Icto 
as "pumping^ and is pictured in figure 1 „ 
If this continues, a, void is formed under the 
pavement and failure ultimately occurs by 
cracking of the surface. The problem is 
particularly serious in soils of a silt or clay 
nature since they are inherently unstable if 
saturated. The best method of presenting 
this type of failure is to remove all silt and* 
clay material in the, base and subgrade dur- 
ing construction and replace it with a good 
pervious material, so that the water table is 
lowered well below the base course. 





Figure -1-8. Effect of frost heave on rigid 
pavement. 



Figure 1-7, ' Effect *of frost heave on flexible 
pavement. 
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Figuri Pavement subjected to pumping, 

b. Thawing from the bottom up. Thaw- 
ing may also proceed from the bottom up 
in the event that the air temperature rises 
to just below the freezing point and remains 
there for some time. In this event, the mate- 
rial closest to the surface will remain frozen 
while the deeper material will thaw as a 
result of the transference of heat from the 
• interior of the earth. In the case of aji air- 
field or in highway maintenance, this is a 
m Kery , desirable condition since the water that 
is released has a ready and convenient route 
downward to the water table. If thawing 
proceeds in this manner,, there is little ten- 
dency for a reduction of subgrade stability 
to occur. 

& Thawing from both top and bottom. 

When the air temperature remains barely 
above the freezing point for* just Ipng enough, 
a. relatively trouble-free thawing process 
occurs both from, the top down and from the 
bottom up. The melt water resulting from the 
thawing of the bottom portions of the frozen 
layer is disposed of as described in b above. 
The melt water resulting from the thawing 
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of the top layers is not so excessive in quan- 
tity that surface runoff cannot handle it sat- 
isfactorily. 'Usually, much of the melt water 
from the top is dissipated satisfactorily by 
evaporation into the £ir. to certain soils and 
under certain conditions, however, thawing 
of this mature can produce a most difficult 
condition, referred to as a frost boil. When 
the air temperature remains barely above 
freezing for a prolonged period of time, thaw- 
ing from the bottom upward proceeds much 
more rapidly than from the top downward. • 
While in most soils this would not be undesir- 
able, it can become so in plastic soils such as 
clays> The excess water developed by the^ 
melting of the ice layers cannot be dissipated 
by this soil rapidly enough, and a semiliquida 
unstable mud layer develops. As long as this 
mud is trapped beneath a substantial frozen 
. layer, no difficulty exists. But as the frozen 
layer decreases in thickness it becomes too 
thin to bear traffic stresses and breaks in 
spots. The very unstable mud then oozes 
through the breaks. This supersaturated, 
semiliquid soil is incapable, of withstanding 
any appreciable load. ~ 

1-21. SOURCES OF FROST-ACTION WATER 

There are three principal sources^of water 
(illustrated in fig 1-9) &at will prpyi4e an 
adequate supply for the frost^action process: 

a. A high water table. which is 5 feet 

or less below the finished grade line. 

* ~ 

J>. A capillary supply from an adjoining ^ 
water table. This is particularly a problem in 
silty soils which have a high eapillary rate. 
Clays have a rather low capillary rate so that 
frost heaving is not as severe as in silts al- 
though thawing problems are greater than in 
silts. 

c. A saturated condition pf fine-grained 
soils at or below the freezing stratum. Frost 
action is usually most severe in soils with a 
high moisture content. 
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(2) Copillory flow through silt brovides continuous supply of woter despite 
dep'th of ground-woter toble below depth of freezing; Inclined silt loyer 
moy dip into ground-woterj a considerable distonce owoy from structure. 
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(3) Limited supply of wotefr moves upword from lower * portion of 
soturoteld fine-aroined soil." * i - 

Figure Sources of water for the frost-action process. 
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REVIEW EXERCISES 



Note: The following exercises are study 
aid* The figures following each question re- 
fer to a paragraph containing information 
related to the jijuestipn. Write your answer 
in the space t^elow the question! When you 
have finished answering all the questions for 
this lesson, compare your answers with those 
given for; this lesson in b^k of tins booklet 
Do not send in -your solutions to these review 
exercises. 



4* What .is the principal difference in the 
layout of a storm-drainage system and a san- 
itary system layout? (l-3d) 



- % 



1. When commending work on a* construc- 
tion project whit should be accomplished by 
tlie first work that is done ? ' (1-1) • 



5. What are the four types of structures 
most commonly used in military construction 
for the control of ground water? (1-4) 



Ji 



2. What factor determines 'whether drain- 
age is to be classified as surface drainage or 
subsurface drainage ? (1-2) 



6. When work on a road or airfield construc- 
tion project must be temporarily suspended, 
what action should be taken with regard to 
drainage? (l-5c) 



3. Wtiatis the simplest, cheapestrand most 7 * How muc ^ crown is required an a gravel 

efficient method for handling surface water? roa( * to insure runoff of surface water before 

(l-3c) it can penetrate and wet the subgrade?- 

, ' • ' - (l-7a) ' 
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8. What is the most important factor .which 
will contribute to the sxiccess of " an -airfield 
drainage system? (l-8b) . - * 



12, If, on a ground reconnaissance you ob- 
serve an area of dry and cracked earth, what 
would this condition indicate t6 you? (l-ll)* 



9. Under what conditions would hasty de- 
sign procedures probably be used in the de- 
sign of a road or airfield? (l-9b) 



13* What are the necessary considerations 
in determining the degree of design necessary 
for a specific drainage system? (1-12) 



10. What basic information is considered to 
be of primary importance in designing a 
drainage system that will insure prompt re- 
moval x>f surface |wat£r and positive control 
of ground water? (l-10b) - 



14. What is the definition of a design storm 
upon which the design for a drainageisystem 
is based? (1-13) 



11. What are three variable conditions of 
a particular soil which would influence that 
soil's capacity to absorb precipitation? 
(1-lOc) 



15. Under normal conditions, what is the de- 
sign storm frequency used for military con- 
struction? (l-13b) 



v 
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16, What are the principal factors jfcfeet de- 
termine the duration of rainfall required to - 
produce the maximum rate of runoff? (l-13d) 



19, What is the most lifiely effect that thaw- 
ing of a subgrade from the top down may 
have upon a paved surface above that sub? 
grade? (l-20a) 



17. During the process of constructing a 
road or airfield, what is the best time to take 
"care of subsurface drainage problems? (1-15) 



20. When the air temperature just above a 
frozen subgrade raises to 'just below the 
freezing point and -remains there for somtf 
time, what happens to subgrade stability? 
(l-20b) 



18* What is the characteristic of soils which 
are made up of organic and inorganic fine 
sands, silts, and coarse-grained soils contain- 
ing an excess of nonplastic fines, which is of 
concern in drainage? (l-16b) 
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LESSON 




SURFACE RUNOFF (Hasty* and Rational Methods) 

CREDIT HOURS 1_4 

TEXT ASSIGNMENT Attached memorandum. 

MATERIALS REQUIRED Annex A. 

LESSON OBJECTIVE \ To teach yoti how to calculate surfqce runoff. 

SUGGESTIONS Read the attached memorandum through 

4 rapidly to obtain a knowledge of its scope. 

Then read it through carefully, underlining 
the' important points ahd'objectives* Read 
;» the review questions at 'the end of the les- 

son. Study the lesson, searching for an- 
swers to the review questions, and write 
^ your answers in the spaces provided* 
'i . >\ Fi na |jy # c heck your answers with the an- 

swers gtven for this lesson at the back of 
• 4 this booklet. Review as necessary. - 



ATTACHED MEMORANDUM 



Section I, 



M. GENERAL 



- There are several methods that may be 
used to determing^the amount of runoff from 
a given ajrea, and the size of drainage struc- 
ture (s) required. Methodf range from hasty 
to deliberate. The method used will depend 
upon time available, importance of the struc- 
ture being protected, and the length of time 
it will- be used This lesson will cover the 
Hasty Method which is a rapid, field method 
for estimating the size of a drainage opening 
required, and the Rational Metho£ which is 
a deliberate method used for calculating the 
quantity of runoff from a given area to cul- 
vert or other point of interest. The subject 
of drainage is highly complicated, and is 
sometimes controversial. Drainage problems 



INTRODUCTION 

in the field shoiild receive benefit of the most 
experienced and the best engineering- judg- 
ment available. 

2-2. FACTORS INFLUENCING RUNOFF 

Before going into the methods for calculat- 
ing requirements for drainage structures, it 
may be well to consider some of the factors 
involved, other than rainfall. 

There are many factors which affect 
the rate and quantity of surface runoff. The 
size, shape, and slope of the drainage area 
are the most important. 

b. The first <step in determining the size 
pf a drainage area is an analysis of the flow 
pattern of the water in the general vicinity. 
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From this analysis the actual area contribut- 
ing runoff to the drainage, outlet is apparent 
and the outline of the drainage area can be 
drawn. 

c The process of marking this drain- 
age area boundary or divide 'on a map is 
known as delineation. Usually a divide will 
follow ridges and high points on saddles. The 
outlining of a drainage area is best accom- 
plished on a topographical map which has a 
scale of 1 inch equals 200 feet (1:2400) or 
larger, and which shows the final proposed 
layout aid contours, 

cL The size of ,an area affects runoff in 
' two ways. First, a* large area will have a 
longer period of time over which runoff will 
occur, and the peak runoff rate will be less 
per acre than for a smaller area, assuming 
that the total' runoff acre remains the 
same. Secondly, the mnYimnm intensity of 
rainfall for a given frequency varies inversely 
, with the area covered by the storm, thus 
lowering the peak runoff. 

e. The shape of a drainage area governs 
the rate of runoff because it controls the 
, length of overland flov. 

t The average dope (S) of a drainage 
area controls the time (T) of overland flow. 
As the average slope of an area increases, the 
time of overland flow decreases, and the rate 
of runoff increases. 

g. Areas are classified as either simple 
areas or complex areas* A simple area has 
80 i&rcent or more of its total area covered./ 
by one type surface (turf, concrete, etc.). A 
complex area has two or more types of sur- 
face, but no one type of surface amounts to 
as much as 80 percent of the total area., 

h. The drainage area may be subdivide! 
by lines which separate overland flow repre- 
sentative of one portion of 1 the area from the 
overland flow representative of other portions 
of the area. Areas thus delineated are known 
as subareas. . 

I When the outflow "of an c area, either 
simple or complex, contributes to the outflow 
of another area, either simple or complex, the 



total outflow is considered as runoff from suc- 
cessive areas. 

j. ' Distances are scaled from a ±ap, 
grading plan,- or drainage-layout drawing. 
Slopes are estimated by methods, taught in 
basic map reading. Exercises in this sub- 
coufse will be based upon the average slope 
^/for the path of flow 'being investigated. If a 
~' point is located betweei^two qontours, esti- 
mate its elevation by interpolation. Deter- 
mine the difference in elevation between the 
two points, scale the distance of flow (DOF), 
and calculate the average slope. In determin- 
ing the slope of a ditch where culvert invert 
elevations are given, assume that a uniform 
ditch slope exists between the culverts. The 
•invert elevation is the elevation of the lowest 
point of the inside perimeter at the end^f the 
culvert. t * 

k* A path of flow is the route that sur- 
face runoff will follow to the area outlet. Run- 
off will flow from higher elevation to lower 
elevation in a direction perpendicular t<*the 
contours. Generally there are so many possi-' 
ble paths of flow that it would be impractical 
to consider all of them; therefore, paths of 
flow are selected on the basis of ; being most 
representative in length and slope of all the 
paths of flow occurring in the area or sub- 
area/ The number 'of representative paths of 
flow from the siibareas should be selected in 
proportion to the size of the subarea with . 
respect to the total area. 

1* There are three general types of flow 
to be considered: sheet flow, channelized 
flow, and ditch flow. Sheet flow is water that 
flows at a more or less equal depth in a 
blanket across a uniform or nearly unif orm 
surface such as a grassed field, surfaced road, 
runway, parking area, or roof. As a general 
rule water begins to channelize or collect into 
difch-like flow when it flows across surfaces 
not protected by paving or structures de- 
signed specifically for erosion prevention Such 
as plowed contours and terraces. Except in 
the cases where channelization is specifically 
prevented, sheet flow should be expected to 
become channelized flow after a distance of 
not over 400 feet in very flat, smooth terrain 
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and much sooner in rough, steep terrain. If 
reconnaissance can not be made, 200 feet may 
be used as an average length of sheet flow. 

m. The length, designated by the sym- 
bol "L", of sheet flow is the horizontal dis- 
tance measured along the representative path 
of sheet flow fipm the arfea divide to the be- 
ginning of channelized flow or ditch flow. 
Channelized flow and ditch flow lengths are 
horizontal distances measured along theii* re- 
spective paths^of flow. 

/ n. Retardance, designated by the sym- 
bol "n", is the term used to designate t 

resistance to sheet, channelized, and dit< 

flow caused by various suxfacp conditilms 
such as vegetation, surface, and alignment 
in the path of flow. The factors that deter-* 
mine the ' -n" for the different types of flow 



are dissimilar, but available data indicates 
that the retardance values in tabto 2-1 are 
approximately representative of most sur- 
faces encountered. 

Table 2-1. Retardance Coefficients 



Type of Surface 
. Smooth Pavement , 
Ditches 

Compacted Gravel Surfaces 

Bare Surfaces 

Channelized Flow from 
Average Grass Cover 

Sparse Grass Cover 

Average Grass Cover 

Dense Grass Cover 



0.02 
,0.02 
0.06 

04 

0.2 
0.2 
0.4 
0.8 
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2-3. 



HASTY METHOD OF DETERMINING 
RUNOFF 



Compute the cross-sectional area of the 
ditcS or gully in which the culvert or drain- 
age structure is to be, built, using the high- 
water mark to detenriine the height and the 
position of the upper \yidth. To find the cross- 
sectional area jequii'ed for the drainage^ struc- 
ture, double v the cross-sectional area of the 
channel (fig 2-1). 



Channel area = 



(bi + b*) 



Structure area = 2 times channel area or 

(bi 4- b2> h; \qhere 

hi = bottom width in feet 

b 2 = upper width in feet 

h = vertical distance between upper and 
lower width in feet 



2-4. EXAMPLE 

What is the required structure area for a 
stream that has the following characteristics: 
width of stream bottom, 4 feet; depth at high- 
water mart, 3, feet; width at high-water 
mark, 6 feet 

Channel area = (4 * ^ x 3 = 15 sq ft 
2 

Structure area = 2 x 15 = 30 sq ft , 

a. From the above problem it can be 
seen that a culvert installed at this point in 
the stream must have a minimum cross-sec- 
tional area of 30 sq ft. 

b. This method does not (iirectl^take 
into account the size, shape, and slope of the 
area, surface vegetation, condition of the soil, 
or rainfall intensity, but, instead, gpes to the 
outlet conditions for the estimating factor. 
This hasty calculation is used only when time 
does not permit a more exact method. 
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Figure 2-1. Ditch section. 



Section III. THE HATlOtyAl METHOD 



2-5. PURPOSE 

* 

The rational method is used to determine 
the runoff that can be expected fronyi given 
area. To use it effectively requires a rittldy of 
many variables such as the terrain, slopesS 
soil, Vegetation and the hydrology of the 
area. It will be the purpose of this section to 
discuss in detail, the rational method and its* 
variable parts, and the use of the method in 
determining the. runoff from different types 4 
of drainage areas. 

2-4. RATIONAL METHOD 

• a. The rational method utilizes the em- 
pirical equation: * 

Q = CIA 

where: 

Q = Runoff from a given drainage area 
in cubic feet per second (cfs) 

• >. 

C == Coefficient representing the- ratto of 
' - runoff to rainfalL 

I = Intensity of rainfall in inches per 
hour of the storm generating maxi- 
* mum runoff. 

A - = Drainage area in acres. 

b. AMumptions for use. Before discus- 
sion of the\quation and its variable parts, 



the following Basic assumptions must be 
seated: 

(1) Entire dr^iqage area is contribut- 
ing to the runoff. * 

c> (2) Rainfall intensity is maximum 
and equal over the drainage area. » 

(8) The area has a regular shape. 

(4) The use of the method is limited 
to areas not exceeding 3,000 acres. 

u (5) The area has homogeneous soil 
typ3 and vegetative cover. In the event this 
is not so, further assumptions are made as 
follows: > 

(a) Simple area — One type of soil 
and cover predominates in 80% or more of 
the- area. 

* (b) Complex area — One that is 
composed of two or more different soil types, 
cover, or man-made areas, no one of which 
constitutes 80% or more of the area/ 

2-7. RUNOFF COEFFICIENT C 

Itris known that when it rains some of the 
rainfall is "lost" due to infiltration, evaponf- 
tion^and interception. As a result of these 
losses all of the ram faying on a given area 
does not run off. The "C" value used in the 



rational method expresses as a ratio the per- 
centage of rainfall that is expected to run off 
Expressed mathematically the value* of "C^ 
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Runoff 
Rainfall* 



is the ratio of runoff to rainfall or 

a. Basic "C* value* 

(1) The basic value of "C" is taken, 
from table 2-2. Pijr example, review of the 
table shows that asphalt has a "C" value of 
.80 - .95. What is implied is that 80 - 95% o'f 
the rain that falls on an asphalt surface will 
run off. Prom the type of material this is 
what would be expected Consider the rain- 
fall runoff from. a beach sand It is very 
small, if any due to the -beach sand being a 
pervious material. Prom table 2-2, it is found 
that the "C" value for a pervious soil is 0.01 
to 0.10. This means'that only 1 to 10% of the 
rainfall on a pervious soil will run off and 
that 90 to 99% will be lost The loss is pri- 
marily due to infiltration. 

' (2) In table 2-2 there are only ^xree 
general types of soil listed, "pervious", - 
"slightly pervious", and "impervious", each 
given a "C" value range with and Without 
cover. In order to correlate these basic soil 
types with soils defined and classified under 
the Unified Soil Classification System (USCS) 
table 2-3, wflfeh is an extract of a USC$>soil 
characteristics table, has been included here. 
The three general soil types as shown in table 
2*2 correspond, in drainage characteristics, 
to soils in table 2-3 as follows: 

Pervious Excellent 

Slightly pervious JTjsrir to poor 

Impervious Poor to practically 

impervious 

A GW soil has excellent drainage character- 
istics, which means it is very porous. A GM U 
soil has poor to practically impervious char- 
acteristics, which means it is impervious. 

(3) The values in table 2-2 for the dif- 
fering soil descriptions are specified with and 
without turf (vegetation). Note the differ- 
ence between the C values f oi* a soil type with 
and without turf. The "with turf* C values 



are lower, indicating more loss and less run- 
off. This is caused by the turf retarding the 
flow, and thereby allowing more time for the 
water to infiltrate into the soil/ 

(4) With reference to table 2-2 it will 
be noted that for each type of material the 
C. value has upper and lower limits. Judg- 
ment, achieved by field experience, will deter- 
mine the C value to use in the calculations. 
Until this experience is achieved it is recom- • 
mended that the higher limit be used. 

b. Corrected "C" value. 

(1) In the use of table 2-2 It will be 
noted that asterisks ( # ) are placed after each 
surface type except woods and the man-made 
surfaces. The footnote to table 2-2 requires 
that for these surfaces the "C" value be ad- 
justed for slopes greater than 2%. Expressed 
mathematically the correction is 

(£>iTer*ft — 2) 0.01 + Catwawd ~ Corrected 

Where: . * 

= Average slope of the area 
C 1MU med = Table value at "C" 
Correct* = "C" corrected for slope # 

The reason for the correction is that as the 
ground slope increases the rainfall runoff 
will flow at a faster rate over the ground sur- 
face. The .effect of this speedup is to reduce"^ 
the time available for the water to infiltrate 
into the soil. The reduction of this loss, due 
to infiltration, will increase the amount of 
runoff, thereby increasing the ratio of runoff 
to rainfall. This in effect will cause an increase 
in the value of "C\ _ _ _ _ 

(2) The surface slopes within the area 
will, as previously described, have an effect 
upon the value of C. Since the losses that 

. occur take place over the* entire area, it will 
be necessary to determine an average slope 

.representing the entire area. In order that 
the average slope will be representative of 
the area, care should be tak^n to make cer- 
tain that the slopes selected will represent 
approximately equal areas. Since the loss 
effect is a function of surfaces, the slopes of 
channels or ditches are not to be considered. • 
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"Table 2-2. Surface Runoff Coefficients 



TYPES OF SURFACE 



FACTOR (C) 





•Asphalt pavements ( . 


0.80 to 0.95 




• 

Concrete pavements 


0.70 1#0.90 




Gravel or macadam navement^w- 


A Off x - r\ Pf A 

0.35 to Q.yO 




Impervious soils* ^ 


0.40 to 0.65 


/ 


Impervious soils with turf* 


0.30 to 0.55 




Slightly pervious soils* 


0.15 to 0.40 




Slightly pervious soils with turf* 


0.10 to O.30 




Pervious soils* 


0.01 to 0.10 


* 


Wooded areas 

(depending on surface slope and soil cover) 


0..01 to 0.20 

• 



*For slopes from 1 to 2 percent, 



NOTE: The figures given are for comparatively level ground. For 
' slopes greater than .2$, the factor should ^e increased by 
*0»01 Tor every 1 percent of slope, up to a maximum C of 1.0« 
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Use of "C" Value Table 
1 . Determin e dr ainage characteristics of soil Vpe(s) . 



2. 



Correlate terminology with terms used in "(5" value table 
(Terms correlated i# paragraph 2 -7a (2) ) . 

Locate the soil and/or cover type in the left column of table-* 
2-2. Read the highest value of tjie range listed in the 
column at the right for that type* of soil and/or cover. 

This is the "C ,f .assumed value. For slopes greater than 2ftj 
those values marked with an asterisk (*) mus^ be corrected 
using the following formula: 'w * 



(S average -2) 0.01 - C 



assumed corrected 



V 6 



0 
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Table 2-3. USC8 Soil Characteristics (Extract) 



MAJOR DIVISIONS 
(1) (2) • 


LETTER 
' (3) 


i 

DRAINAGE CHARACTERISTICS 
(11) 






GVL 


Excellent 




> > 

Gravel \* 
and .\ 
Gravelly * 
Soils . 


GP • 


Excellent 


Coarse 

V 


i d 


* Fair to Poor 
Poor tp Practically Impervious 


Grained 




GC ' 


Poor to Practically Impervious 


Soils 




SW' 


Excellent 






SP 


Excellent 




Sand 
and 
Sandy 
Soils 


' 1 
1 

4 H 
I 

1 U 


r^ir uo roor 
roor to rracticaJJy Impervious 






roor uo rracuicaxiy impervious 


- 




ML 


Fair to Poor 1 




Silts 
and, 
•Clays*" 
LL <50 * , 


- CL 


■ % * . • - 

Practically Impervious 


Fine . 


' • OL 

' — 


Poor 


1 Grained 
Soils 


<<* 

Silts 
and 
Clays 
LL>50 


MH 


Fair to Poor 


CH 


♦ 

Practically Impervious 




OH 


^ Practically Impervious 

i 


Highly Organic Soils 


Pt 


—k 

Fair to Poor V 






2 


,-7 4 ■ 
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c. Weighted "C" value. 

(1) One of. the assumptions made in 
the ration*! method is that there is homo- 
geneous soil type and cover throughout the 
area. In many cases, the area will comprise 
combinations of soil types and cover and even 
include man-made structures. In these cases 
it would be impossible to determine a single 
value of C to use in the rational equation. It 

, will be necessary in such cases to use some 
technique to determine a C value to r^fesent 
the area. To do this it must be determined 1 
if the area is simple or complex. If one type 
of cover and soil predominates in 80% or 
more of the area it is a "simple" area and the 
"C value £or that particular soil and/or 
cover type controls. In the event no one type 
of cover or soil predominates in 80% of the 
area, it is a complex area and the "C" value 
must be weighted. In this case a mathemati- 
cal proportion of the subareas and their 
respective "C values must be made. 

(2) It should be noted that before the 
T' value is weighted the "C" value assifcned 
for each subarea must be corrected for slope. 
The correction for slope will be made if the 
average slope of the subarea is greater than 
2%. 

(S) The weighting of the "C" value 
is accomplished by multiplying the corrected 
"C" value by the subarea that is affected by 
that* 4 V' value, summing the products and 
dividing by the total area. Expressed math- 
ematically the formula is:* ' ~~ 



A>* + A* + As, — 

* Furthermore if the area is considered com- 
plex, each subarea and its respective "C" 
value must be included in the weighting pro- 
cess. This is done no matter what percentage^ 

of the total ar?a thg subarea represents. 

» * * 

2-4. INTENSITY 



a. Prior to the study of this paragraph 
it will be necessary to review the assumptions 
made in paragraph 2-6 (b> of this lesson. 



Also, paragraph 1-10, lesson 1, should' be 
reviewed for the intensity duration relation- 
ships of rainstorms. 

(1) Using- the above referenced as- 
sumptions and intensity duration delation- 

. ships developed, it Will be found that for a 
given area only one particular storm will give 
a maximum discharge (Q). This particular 
storm is the one that rains over the entire 
area being drained for a period of time just 
long enough for the runoff from all segments 
of the area to reach the outlet at the same 
time. This time is called the area time of * 
concentration, or TOC. A storm of shorter 
duration than this area 'TOC would not last 
long enough for the runoff from the more 
distant segments of the area to reach the 
outlet together with runoff from segments 
near the outlet .Therefore, the runoff wojild 

not be TmMrimijTn , . 

(2) With reference to Figure 2-2 it 
will be noted that all the area below the 
10-minute line will drain in 10 minutes or 
less. Runoff from the area between the 10 
and r 20-minute line will reach the outlet in 
not less than 10 minutes but will have*drained 
in not more than 20 minutes. Similarly the 
runoff from 'the are! betweeirthe 20 and 30- 

^minute line will reach the ^tlet in not less 
'than 20 nor more than 30 minutes. At the 
end of 30 minutes the entire area is draining; . 
therefore the time of concentration (TOC). 
for this area is 30 minutes. 

(3) Again referring to Figure 2-2, if 
a storm of 20-minutep duration sweeps over 
the area then two possibilities exist: w 

(a) The entire area was not wetted 
,and therefore only a portion: of the area wiU 
drain. 

(b) The entire area was wet, but, 
since the storm duration waa only 20 minutes; ^ 
all the area below the 20-minute line had 
drained through the outlet before the runoff 
from^thevarea between the 20 and 30-minute 
>line had reached the outlet. The entire area, 
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Figure 2-2. lUustrativv "regular" drainage &rea. 

therefore, is not contributing runoff to the 
outlet at one time. 

(4) For a storm duration of 30 min- 
"utes, then, the entire area is contributing run- 
off to the outlet at one time; for the runoll? 
from the closer areas has been replaced by 
more rain. The area has now reached critical 
flow, or peak Q. -» 

(5) A* storm whose duration is longer 
than the area TOC will have a lesser intensity. 
Reference to the intensity duration curves in 
lesson 1 will show that as the duration of the 
storms increase, the intensity decreases. 
From examination of the equation Q = CIA, 
it is obvious* that as 'T' decreases the Q will 
decrease./Thet critical storm then, is the storm 
whose duration ia equal to the TOC. 

b. Time of concentration (TOC). 

(1) Representative flow. 

(a) Based upon the discussion in 
b above, the area TOC must be determipecL 
This is done by determining representative 
flow paths, A flow path can be defined as the 
, path & raindrop will follow from "the time 
it reaches the ground until it reaches the 
outlet The flow p^th is called representative 
because it must approximate runoff traveling 
from the majority of the krea until it reaches 
the outlet point. 1} is representative of - the 
time at which the majority of the area will 
be contributing* runoff to the outlet point. 
Establishing representative^flow paths, is 



based largely on experience, judgment, and 
trial.. 

^(b)uThe assumption previously 
made #as that the areas were "regiter" in 
shape. \Ihe area depleted in figure 2-2 with 
no projections or protrusions is such a "reg- 
ular" area. In nature, however, most £rMs 
are irregular in shape, as illustrated in figure 
2-3. In such irregular shaped areas it % es- 
pecially critical that the flow >aths chosen 
are indeed representativeof the time required 
for the majority of the area to drain. This is 

demonstrated' by the following example. 

* > ■* * 

J (c) With' reference to figure 2^3, 
all the area below the'10-min]ite line will 
drain in 10 minutes; the area 4 below the 20- 
minute line will drain in not more than 20 

- minutes and so on up to the 40-minjfte line. 
Flow lines a, b, and c have been determined. f 
Assuming that 90% of the total area lies 
below the 30-mi^e line, it then will have 
drained in 30 m4jfcor less. Runoff from the 
remaining 10% will reach the outlet in^not 
less than 30„nor more than 40 minutes. Flow 
paths a and e should be''^hos§n as the repre- 
sentative flow paths and ^ed to determine 
the TOC. The reason is that they are in- 
dicative of the time it will take the runoff 
from a majority of tHe 'area to peach 'the 

- outlet line b is not representative. » 




Figure 2*3. IUustrative "irregular*' drainage 
area. 

9 



(d) To illufltrate^the importance of 
selecting representative flow lines, take the 
following example. Let "C" arbitrarily equal 
1.6.; and assume that the 1 hour, 2 year in- 
tensity is- 2.0 inches per hour. If a storm of 
JtO minutes duration occurs, the entire area 

(100 acres) will be wet, and at 40 minutes, 
contributing water to the 'outlet point The 
intensity (I) for a 40 minute storm is 2.7 
inches/hour (curVe No. .2, fig 1-5). The 
estimated runoff then is: 

' Q = CIA = (1.0) (2,7) (100) = 270cfs. 

Taking this storm for a 30 minute duration, 
the intensity would be 3.2 inches per hour. 
At the end of 30 minutes, 90 percent (90 
acres) will be contributing water to the out- 
let The estimated runoff then is: 

Q = CIA = (1.0) (3.2) (90) = 288 cfs, 
which is a larger discharge rate than esti- 
mated using the entire area. 

(e) Plow paths must be chosen that 
are representative of 'the time required for a 
majority of the area to drain. As has been 
shown, a shorter storm of higher intensity 
may causey larger flow from the area. After 
all the flow paths have been chosen and timed, 
the times should correspond to each other , 
within a few minutes. If the times are not 
relatively close, a careful check must be 
made to' determine why, and an assessment 
made of the area to determine which of the 
times will produce the critical flow. 

(2) Time of flow. 

(a)' After the representative flow 
paths have been established, the amount of 
time it will take the runoff to reach the outlet, 
as it travels along the established path, must 
be determined. In order to dollus the type of 
flow must be either determined by observa- 
tion or assumption. The flow types existing, 
along a flow path are differentiated based oh 
'velocity and are of two types as^foilows : 

t2. Overland or sheet flow, which 
i a low velocity. In nature, norm&Uy, this 
type of flow does not exist for distances more 
than 400 feet. When observed, this type of 
flow has a s&ooth, uniform, almost glossy 



appearance. Direct observation is the pre- 
ferred method of establishing this type of 
flow. When direct observation cannot be 
made, then som# distance must be assumed. 
Since this is a matter of judgment nearly any 
distance can be assumed providing it does not 
exceed 400 feet On&uaiethod of reducing 
' possible error is to arbitrarily eltat^ish 200 
feet as the length of sheet flow when^&sct 
observation cannot be made. If 200 feetSs 
used, and the actual sheet type of flow k 
between 50 and 4G0 feet, the error in time 
calculations for most slopes is only in the 
order of 3-4 minutes. If, however, either 50 
or 400 feet is selected and the actual distance 
is at the opposite end of the range, then the 
time error for most slopes can be approxi- 
mately 8 minutes, jPhis can induce an error 
in the selection*cf*Qie intensity of rainfall. 

2. Ditch type flow which has a 
high velocity and is turbulent. This type of 
• flow takes place in ditches and channels but 
is not limited to such channels and ditches. 
Ditch type of flow can exist over the entire 
flow path except for the distance that is 
determined to be sheet flow. When observed, 
ditch type of flow appears jpugh and chan- 
nelized. ^ 

(b) Several fafctors are going to 
affect ho^ fast the / water runs and, conse- 
quently, how long it will take the water, or 
runoff,' to reach the outlet. The two major 
factors are the slope and the cover. Slope 
affects the velocity of flow, for the steeper 
-the slope the faster the flow. The cover pro- 
vides resistance to the flow, thereby retarding 
the flow, thus reducirig the velocity. In either < 
case, changing the velocity -of flow will have 

a direct bearing on Che time of flow. 

(c) Figure 2-4 is used to determine 
the time required for the runoff to travel 
along the flow path. $ 

1. "After choosing the flow paths' 
that are thought to be representative of the 
area, each of these are then broken down' 
into their s^eetand ditch type of flow. The 
slope and' cover ate determined for the sheet 
fkfw and tha .slope -and type for the ditch or 



\ 
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channel flow. The ditch or channel flow along 
the same path could occur first as ditch flow 
in natural surfaces and then, pass into a 
lined (asphalt or T concrete) channel. In this 
case each would be timed separately, natural 
surfaces would be ditch flow and in >a lined 
channel, paved surface flow. 

2. Example. A flow path has 200 
feet of overland flow over poor turf with a 
slope of 5%. It then has 700 feet of ditch 
type of flow over the same surface with a 
slope of 2% and finally passes into a concrete- 
lined channel with a length of 800 feet and 
slope of 1.5%. Go into figure 2-4 with the 
index of poo* or sparse; turf and horizontally 
to the 5% curve. Follow this curve to 200 
feet, then vertically down to read 8 minutes. 
The ditch time over natural surfaces is ob- 
tained by^oing to the ditch index and with 
similar procure read 10 minutes. For lined 
channels the index to use is paved surfaces. 
Using the procedures previously described, 
the 800 feet at 1.5% gives a time of 9 min- 
utes. Compiling the results gives: 



Overland Flow Time 
Ditch 'Type Flow 
Lined Channel Flow 
Total Time 



= 8 TWIT} 

= 10 mln 
= 9 mm 
= 27 min 



The time of concentration for the path would 
be 27 minutes. 

• c, Intensity of a particular storm (I). 
When the area TOC has been established and 
set equal to the critical storm duration, the 
intensity of that storm can be determined. 
This , particular intensity "T is the intensity 
to b§ used in the equation Q » CIA. What 
is now required is the curve number to be ' 
used in' determining the intensity of a par- 
ticular storm. The curve number is equivalent 
to the intensity in ins/hr of the one : hour, 
two-year frequency storm for the particular 
location df the facility. 

(1) To obtain the intensity in ins/hr; 
of the required one-hour, 2-year frequency 
, storm refer to the world isohyetal map, figure 
2-5. If the location falls directly on an iso- 



3S- 

hyetal line, then the value of that line is the 
required intensity. In th6 event the location 
fails between two isohyetal lines, select the 
line with the highest value. Do not inter- 
polate. The following examples are a list 
of areas or places and the one-hour, 2-year 
.rain f all intensities as determined from the 
isohyetal map: . 

Southern Australia 1.0 in/hr 



Florida 

Washington, D.C. 
Cutik 

New Orleans, La. 



2.5 ins/hr 

1.5 ins/hr 

2.5 ins/hr 

2.5 ins/hr 



(2) To obtain the intensity of a par- 
ticular storm duration, referred to as TOC, 
use is made of the intensity-duration curves 
(figure 1-5, lesson 1). The curve number to 
be us^is the intensity as found in jJaragraph 
(1) above. The storm duration is equal to 
the TOC of the area. For example: 

(a) The project is to be located in 
Southern Australia, intensity 1.0 ins/hr, and 
the TOC is 25 minutes. Refer to figure ;L-5, 
lesson 1; select curve number 1.0, follow the 
curve to 25 minutes and then horizontally to 
read an intensity of 1.6 inches per hour for 
the TOC. 

(b) The project is located in Florida, 
intensity 2.5 in/hr, and the TOC'te 50 min- 
utes. Referring to figure 1-5 again, it will be 
required to interpolate between curves. Fok 
low the curve and at 50-miiiutes storm dura- 
tion move horizontally and reed an intensity 
of 2.8 ins/hr for the TOC. * « 

2-9. AREA 

a. The last variable that must be de- 
termined to solve the equation Q = CIA is 
"A", the area in acres. This is the area* of 
discharge, but before the size can be deter- 
mined it must be defined. This* is done by 
delineating or determining the boundaries of 
the watershed. The largest scale topographic 
map available of the area involved should 
be used for delineation. The map should be ' 
studied closely, and a ground reconnaissance 
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made to confirm the map study. The follow- 
ing, four-step procedure is then used> 

(1) Locatiiexiating or proposed atruc- 

tares. 

(2) Locate high points. ' ' 

(S) Draw flow arrows away from high 
points. (Flow arrows must be perpendicular 
to contour lines.) v 

(4) Draw in delineation lines. (Flow 
arrows cannot cross delineation lines.) The 
del i ne ation line marks the boundaries of the 
drainage, area, or the drainage bask}. Since 
water always flows downhill, it flows away 
from highpoints. If all the highpoints are 
connected by a line, the line formed is the 
delineation line. Figurei£2-6 through' 2-32 
illustrate flow arrows and delineation lines on 
several terrain types. v 

> b. When the drainage area has been 
delineated, the area that lies inside the deline- 
ation line can be determined. This can be done 
by any appropriate method, such as using a 
planimeter. if available, dividing the area into 
calculable geometric shapes, or by use of the 
stripper method as illustrate in figure 2rl3. 

c In order to determine the other vari- 
ables of the equation, it will be necessary to 
determine whether the area is simple or com- 
plete The requirements of this determination 
have been covered in paragraph 2t7. In the 
event the area is. complex it will also be 
necessary to define and determine the area 
of each part of the complex area. 

2-10. RATIONAL METHOD SUMMARY 

- a. Detail needed. The rational method 
is reasonably simple to use if it is performed 
methodically so that all the known and vari- 
able conditions, as discussed, are covered in 
detail Following is a summary outline of the 
method, with each step listed and numbered 
in order. H this summary is followed the 
procedure will be correct and the results ob- 
.tained will vary only according to the judg- 
ments made. 



b. Sujnmary outline steps. 

(1) Known; 

(a) Location. 

(b) Son. • 

(c) Cover. 

(d) Design Life — 2 years (unless 
otherwise specified) 

Determine area in acres "A". 

(2) Area type. 

(a) Simple -^1 type cover or soil > 
80% of total area. i 

(b) Complex — no single type cover 
or soil > 80% of total area. 

(3) Establish representative flow 

paths. 

(a) Overland (sheet) flow 200* (un- ' 
less observed or stated otherwise). 

(b) Ditch-type flow. • 

Determine Rainfall Intensity in Inches/ 
JHour — '» , 

, (4) Determine TOClNfech flow path 
(TOC depends on cover, lengtn of path, 
slope). * 

* 

Select Maximum TOC 

Duration = Maximum TOC 

, (5) Obtain 2^. 1-hr. intensity (iso- 
hyetal map) 

(6) 'Obtain "T for Duration estab- 
lished" (Step 4) 

Determine Runoff Coefficient — "C" , 

(7) Select "C"< assumed — use higher 
value from table ("C?' depends on cover, soil, 
slope) . 

(8) Slope corrections. 

(a) Simple AREA — determine 
Avg Slope 

> 2% CU, = (S. Tt -2)0.01 
S,Tt > 2% No correction 





b 2 


b 3 


b 4 


b 5 


b 6 


b 7 


b 8 b 



















b 10 



Stripper upon completion 



~0 Jj, 1^2 21^8 29^5 36^4 A2/7 50/) 56*^1 6TT 



72.1 69.9 61.8 60 
— « 1 1 1— 



NOTE: The stipper method is -a variation of the trapezoidal method. 
If vertical lines are 7 drawn at equal distances apart, 
then by the trapezoidal formual, the end area "A w will be 
given by the following: - " ^J - - '~ 

A = JbiW + i(b-L + b 2 )W + i(b 2 + b 3 )W + £( b 3 + b^)W + £( b 4+ b 5 )W 

+ £(b 5 + b 6 )W + H b 6 + b 7) w + i( b 7 + b 8) w + ^ h 8 + b 9) w 
+ £(b Q + b 10 )w + iCb^ + b n )W + £ b n W = * \ 

. ^W(2b! + 2b 2 + 2b 3 + 2b 4 + 2b n = W(2. b) 



Figure 2-1S. Stripper method of area determination. 
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(b) Complex AREA — Determine 
Avg jjHope for EACH SUBAEEA: Correct 
"C" for each SUBAREA that has > 2% . 
Ceob = (S. n -2) 0.01 + 



(9) Weighted "C. 
(a) Simple AREA- 



- Do not weight 



Note; 



(b) Complex AREA 
_ CiA^ + dA 2 + CtA> + 
A x + A« + A» + — 



"C" must be corrected, if needed, be- 
fore it can be weighted. 

(10) Q = CIA 



2-11. EXAMPLE PROBLEMS 



a. Simple am problem. It is required 
to determine the runoff from the area as 
shown in figure 2-14. The known conditions 
will be as stated and as shown on the area 
map. The solution will be given in a step-by* 
step procedure covering each item in full 
detail 

(1) Known: 

(a) Location: Livorno, Italy. 

(b) Son type: GMcL 

(c) Cover: 

Average Turf = 47.9 acres 
Compacted gravel = N Q.9 acres \ 
Total 48.8 acres 

(d) Design Life — 2 yA. 



(4) Determine TOC and duration. 

Path Cover 
1A - .Average turf 
IB + Ditch type 

^ Total 



(2) Area type. 



47.9 acres 



= 98% > 80%; therefore 



48.8 acres 
the area is a simple area. 

. (3) Establish representative flow lines. 
(See figure 2-14.)* Looking at the area, it can 
be seen that water will flow off the hill m asses 
into the swale section that runs between cul- 
verts #7 and #5. ^The major portion, of the 
eastern hill mass should be contributing water 
to the outlet by the time a drop of water, 
trayelii^ along path #1, reaches the outlet 
. The majority of the western hill mass should 
be contributing water to the outlet point by 
the time a drop of water along path #2 
reaches the outlet (Note: ^Only two flow 
paths have been drawn on the toiap for £he 
area. This was done in order to keep the 
diagrams from becoming cluttered and con- 
fusing.) When the flow lines are established, 
the length of sheet flow is determined, and the 
remainder of the flow is considered ditch type. 
The slope- of the line segment representing 
each type of flow is determined. . 

Path #1 

Slope 1A = W ~ 8y = 6.5% 



Slope IB = 

Path #2 
Slope 2A' = 

Slope 2B = 



20C 
82 / - 52^ 
160C 



1.8% 



92 / - 77 / 

2<xy 

IT ± 52& 
1390' 



- 7.5% 
= 1.7% 



Slope Length 

6.5% * 200' 
L8% , 160C 



2A 
2B 



7.5% 
1.7% 



Average turf * 
Ditch tjr ^ 

— Total 

(Times established by using overland flow chart, figure 2-4.) 



200' 
1390' 



-Time 
8.5 T»ir» 
14.5 min 

23.0 min 

8.0 min 
14.0 min 

22.0 min 
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Eince the times are relatively close to- 
gether, and the paths correspond to water 
coming from the majority of the area, we 
have established the approximate area TOC* 
Select the longest time of the representative 
flow lines as the TOC for the area. In this 
case, the area TOC is 23 minutesf The storm- 
- duration that will determine the intensity "T 
to -be used in the equation is 23 mbu 

(5) Determine 1-hr 2-yr storm in- 
tensity. The location is Livorno, Italy. Check- 
ing the isohyetal map, figure 2-5, we find that - 
l.^in/hr is the intensity of a 1-hr, 2-yr storm 
in Italy.- 

(6) Obtain T for duration estab- 
lished. The duration of the critical storm is 
23 minutes, as established in Step (4) above. 
Using the duration intensity curves, figure 
1-5; lesson 1, we find that an area where the 
ma aftnun? 1-hr, 2-yr intensity krl.5 in/hr can 
expect a storm of 23-minutes duration to 
have an intensity of approximately 2.9 in/hr 

. (this 2.9 in/hr is the value of "I" in the 
equation Q = CIA), 

(7) Select "C" assumed. Since it was 
determined in Step (2) that the area was a 
simple area, only one "C" value need be de- 
termined, i.e., the "C" value of a|pMd soil 

^ with turf., Table 2-2 gives, a "(T*assu*ed 
value of 0.30 for "slightly pervious soils with 

(8) Slope corrections. Step 1 deter- " 
mined that the area was a simple area; there- 
fore only one- average slope/needs to be de- % 
termined, i.e., the average slope of th^ entire 
area. By looking at the 'area, it can be de- 
termined that the area can be divided into 2 
party, with the swale section acting as a * 
dividing line. The area to the west of the 
swale is approximately % of the total area, 
while % lies to the east of the swale. This 
indicates that for each slope line placed on ~ 
the west side, two (2) slope lines should be 
placed on the east side. (See fig 2-15.) The 

^epa^side has two distinct slopes: fairly steep 



in the north, and relatively flat aid gentle in 
the south. Consequently, two separate slope 
lines are drawn, one in. the northern sector 
and another in the southern sector. On the 
west side, only one slope line is drawn, so 
that the proportion of 1:2 is kept -Since 
only one slope line is put on the west side, it 
must be placed in such a manner that it 
approximates the average slope of the entire 
west side. An alternative solution would be 
to place two slope hnls on the west side, and 
four on the etet side. This keeps the approxi- 
mate 2:1 proportion, and yields a*more ac- 
curate average slope. The three slop^ lines 
that are placed in figure 2-15 are a re^flt^t 
several placed over the entire" area. These" 
three very closely approximate thkayerage 
area slope, and more were not drawn so that 
the figure was as simple and uncluttered as 
possible. * - 

Average Slope = 5 ' 7 + ^ ± ™ = 

3 3 

= 4.r _ 



use 4.8% > 2%, therefore "C" must be 
corrected. 

"C* corr = (4.8 - 2) 0.01 + 0.3 = 0.328 
use .33 

(9) weighted. The area is a sim- 
ple area; therefore it is not required to weight 

(10) Q = CIA 

"C" = 0.33 (Step 9) 

"I" = 2.9 te/hr (Step 6) 

"A" = 48.8 acres (Step 1) 

Q = (0.33) -(2.9 in/hr) (48^ 
acres) = 46.7 cfs use 47 cfs 

b. Complex area problem. It inquired 
to determine the runoff from the area as 
shown in figure 2-16. The area as shown 
comprises a portion of a runway and taxi way 
with a median turf area. The solution' is 
given in a step-by-step procedure in the same 
order as given by the summary, paragraph 
2-10, and the simple area problem. 
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Figure 2-16. Example problem area II. 

(1) Known L Livorno, Italy * 

m 2. Soil type — GMd 

3. Area — Average turf , w = 1.5 acres 
^ . Compacted gravel = 0.5 acres 

TOTAL* 2,0 acres 

4. Design life = 2 years 

(2) Average turf = 15 X 100 = 75% < J80% 

2.0 

V. The area is complex* 

(3) Representative floto paths: 



Path 

iA 

16 





over/type 
Compared gravel 
Ditch 

Average turf , 
Ditch . s - 



L . 


s% 


TOC 


60 


10. 


7 


160 


0.8 


8 






15 


100 


3.8 


• 10 


320 


2.1 4 


8 



18 min 



2 — 24 



(4) TOC for the area is the maximum 
of 18 minutes. 

(5) (6) Intensity of rain* Livorno, 
Italy is within the 1.5 isohyetal line. Refer- 
ence to the 1*5 curve and with a storm time 
of 18 minutes will give an area intensity of 
3.2 inches/hour, • - * 

, (7) Value of <X The area is complex 
Therefore, all values of C will be considered 
and area C will be a weighted C. 

Compacted Gravel C ^= 0.35 - 0.70 use 0.70 * 

GMd Soil - Average Ttijrfg = 0.30 ^ 

(8) Slope correction* Compacted 
gravel slopes less than 2fo. Therefore, no 
slope correction and C ^= 0.7. / 

Turf area has slopes greater than 2%\ 
Therefore, C must be corrected. 



Average Slope = 

Cc^rr = (S» T - 2) 

+ 0.3 = 0.32 



3.8 + 4,2 



= 4.0% 



0.01 + C = (4 - 2) .01 



Cwtd — 



(9) Weighted C. 

AiCi + AaCs 1.5(0.32) + 0.5(6.7) 



Ai + A 2 



0.48 + 0.35 0.83 



(ioy Q = fclA 



= 0.42 



Q = 0.42(2.0)3.2 = 2.69 cfs 

2-12. SUCCESSIVE AREAS 

a. Theory of successive areas. Up to 
this point the drainage areas discussed have 
been single.areas, either simple or complex. 
Some drainage systems will, however, con- 
sist of a series of areas each of which dis- 
charges into the lower area, Due to, this 
action the runoff accumulates and increases 
in its passage through the system. The in- 
crease in runoff* is not the s ummat ion of the, 
peak runoff of each individual area but is an 
increase modified by various factors. The 
major factor* is the decreasing intensity of 
the storm effect on the lower areas due to 



* 

the increasing value of the TOC, this TOC 
being taken from the outermost watershed 
boundary to the outlet in question. 

b. Technique of successive areas. 

(1) The purpose of the method is to 
determine the peak runoff to be expected at 
each outlet in the sequence of areas. For 
example consider the sequence of areas shown 
in figure 2-17. 

(a) Peak runoff at outlet #L The 
peak runoff (Q) for area #1 at outlet #1 
will depend upon the C, I and A of the area, 5 
the I being a function of the area TOC. 

(b) Peak runoff at outlet <#2. 

1. For the purpose of this sub- 
course the following method will be applicable 
for determining the peak runoff for all suc- 
ceeding outlets. 

£ The Q at outlet #2 is/equal 
to the Q from outlet #1 plus the Q froifi area 
#2, Le., expressed mathematically — Q out- 
let #2 = Qi> Q2. The Q from area #5 is 
based upon the area acreage, the value of C , 
and the I based upon the largest' TOC. This 
TOC is found by comparison, between the 
area #2 TOC and the TOC of are*'#l plus 
the time it takes the runoff to flow through 
the culvert and channel to culvert #2. The 
times are based upon 5 ft/sec in the culvert 
and 3 ft/sec in the channel. 

(cX Peak runoff at outlet #3. The 
runoff at outlet #3 is equal to the Q from 
outlet #2 (as obtained from subparagraph 
(a) above) plus the Q from area #3, mathe- 
matically Q outlet <#3 = Q outlet #2 = Q 
area #3. The Q from area #3*is again based 
upon the largest TOC between the area #3 
TOC and the TOC as determined for area *2 
plus the flow time Ih culvert and channel. 

(d) Peak runoff at outlet #4. The 
peak runoff at Qutlet #4 and each successive 
outlet is similar to the above sections, 

(2) For further illustration of the 
method, consider figure "2-18, For this ex- 
ample it is assumed the culvert flow time is 
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••Culvert 



AREA # 2 




Are A 1 * 3 




AREA* 4- 



■Ou-He**4 



-if.' Successive areas example /. 



negligible and the ditch time and each area 

TOO are as noted. 

* * • 

(3) Further examples are shown' in 
figures 2-18 and 2-20 to illustrate the varia- 
tions that may e^pst in a' succession of areas. 
The same assumptions will be made as in the 
previous subparagraph-^) . 

c Summary of successive areas. Sub- 
paragraphs a* and b of this paragraph on 
Successive areas have been mainly concerned 
with the pictorial representation of the tech- 
nique. In this subparagraph ~thei^ will be 
presented a 'summary, of the actions to be 
taken in computing the runoff from suc- 
cessive areas as follows: 

? (1) Delineate the drainage basins for 
each^particular outlet 

(2) Determine the following date for 
area TOO: ; 

(a) Establish representative flow 

(b) Obtain TOO for each area. 

(c) Obtain flow time between areas. 



lines. 



' t \ 

1. Plow in culvert allow 5 ft/sec 
= 300 ft/min. 

2. Plow, in channels ailow 3 ft/ 
sec == 180 ft/min. 

(3) Route the flow through the areas 
obtain the maximum TOC ior the iltiet 

under consideration. ' • 

(4) Compute the value of C for each 
area. .The value of C should be corrected for 
slope if necessary- and weighted if required. 

(5) Obtain the rainfall 'intensity "I" 
using the TOC found to be maximum. < 

(6) Compute tributary area "A". 

(7) Compute the runoff for each area 
Q = CIA. 

) (8) Sum runoff for each area to get 
tne total Q at the outlet under consideration. * 

cL It is recommended that the results 
be tabulated when performing* the calcula- 
tions for each successive area. By this pro- 
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Figure 2-18. Successive areas example 11. . 
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TOC,= 30 




TOO z = 3S 



ow4ie4l = 




Toc ou* l«+ l-a = 30 4 DT s 30 "* 5 s 3S 
TOC 3 - 30 

G 3 Tpc 3 », C 3) * 3 
<*ou4U4 3 = 

TOC ou4le4 5-4 = 3e+DT = 38+e = 4& 



TOC , 



^ou-Ue4*4 



/. TOC ardA4 = 4^ f , 
as Qo«4te+4= ,Q ou4U-f 



^, Figure 2-29. Successive areas example III. 
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Figure 2-20. Successive areas example IV. 
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cess, the value of the TOC for each outlet un- 
der consideration can be readily determined. 
Tables 24 and 2-5 are presented for use in 
tabulating the results of the computations. 
The use of these tables is not mandatory but 
• are presented to indicate the techniques of 
recording the computation results. 

(1) TOC determination table. The 
items listed on table 24 cover the material 
required to be known in order to determine 
the TOC of the various areas. In complex 
areas, the item marked "dist to inlet" will 



show for the same inlet two values of sheet 
' (pavement or turf) and ditch flow. The TOC 
to be selected for further use will be the long- 
est time. 

(2) Design data table/ The items 
listed in table 2-5 are as follows: * 

(a) Item 1 — inlet: The number 
of the culvert will be given in table 2-4. 

(b) Item 2 — line segment: For. 
this Item, give the numbers of the culverts 
between which the channel will run. 



Table 24. TOC Determination Table 
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Table 2-5. Design Data — Drainage System 
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(c) Item 3 — 'length of line seg- 
ment The length of the channel between the 
two culverts. 



P (d) Item 4 — inlet time^ This is 
the TOC for the particular culvert as taken 
from table 2-4. 

(e) Item 4b — flow time. The time 
it takes for the flow in the culverts and 
channels based upon a value of 300 ft/min 
in culverts and 180 ft/min in channels. 

(f ) Item 5 — • total time* The sum- 
mation of inlet time and flow time to the 
particular inlet under consideration. 

(g) Item 6 — time of concentration* 
The time of concentration for a particular 
inlet is taken as the longest time between the 
area TOC from table 2-4 and the total time 
(item 5 table 2-5) from the preceding inlet. 

(h) Item 7 — runoff coefficient "C". 
The C value for the particular area contribu- 
ting runoff to the inlet This value is corrected 
for slope and weighted if required duetto the 
area being complex. 

(i) Item 8 — rainfall intensity T\ 
The intensity of rainfall in ins/hr as deter- 
mined from the TOC of item 6. 

(j) Item 9 — tributary area "A'\ 
The total area for the particular inlet as de- 
termined from table 2-4. 

(k) Item AO — runoff Q. This is 
the area runoff as determined from Q = CIA 
calculated from the values of items'7, 8, and 9. 

(1) Item 11 — accumulated runoff. 
The total quantity of runoff that can be ex- 
pected at a particular inlet It is a summation 
of the accumulated runoff plus the area run- 
off as given by item 10. Care must be takei^ 
to analyze the drainage flow so that proper 
summation of iHinoff can be made at the inlet 
under consideration. With reference as to 
the above statement see figures 2-18, 2-19, 
and 2-20. ' 

2-13. SUCCESSIVE AREA PROBLEM 

a. Requirement It is required to de- 
sign culverts #1, #2, #3 and #4 as shown 



on figure 2-21. For design purposes, it will be 
required to determine the runoff from the 
areas #1 and #2 and then determine the 
runoff to the inlets #3 and #4 by the suc- 
cessive area method* For the problem the 
following information is given. 

Area Map — See tfgure 2-21 — Scale 1'' 
= 200 ft 

4 

Area #1 — ♦ 
Area: Turf = 14.5 acres 
Average .Grass Cover 
GMd Soil 

Invert Elev. Culvert #1 = 44 ft 
Area #2 

Area: Asphalt = 4.7 acres 
' * GMd SoU 

Invert Elev. Culvert #2 = 31.8 ft 
Area #3 

Area: Turf = 6.6 acres 

Average Grass Cover 

GMd~Soil 

Invert Elev. Culvert #3 — 24 ft 
Area #4 
_ Area^. — Turf = 10.5 acres 
Grass Cover 

Ml 

Invert Elev. Culvert #4 = 9 ft. 

b. Calculations. 

(1) The representative flow lines for 
each area have been indicated. The same 
lines, over the slopes, are also indicative of 
the^slope lines for the correction of "C". 

' (2) Table 2-6 gives the values used in 
various determinations and the results there- 
of. Reference is made to the discussion artel 
the illustrated problem given for simple areas, 
for the type of calculations required, and for 
solutions of the areas., 

(3) The TOC, item 6 Design Data 
Table, is the area TOC unless other areas 
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Figure 2-21. For successive area problem. 
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Table 2*6. Calculations for Successive Areas Problems 
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are involved, in which case it will be 4 the 
longest TOC. Referring to inlet #3 it will 
be observed that the area TOC is' 16 min, 
but for areas #1 and #2, the TOC to inlet 
#3 is 19.5 and 14.8 min. respectively. In this 
case, for area #3, the TOC to be used is the 
largest value under item #5 or 19.5 min. The 
runoff "Q" for area #3 is then based on 
thfe* TOC of 19.5 min. For area #4, the TOC 
. to be used will be the largest value between 
the area TOC and the TOC from the previous 
#3 inlet, including flo^jim^ In this case, 
the area TOC is 24 min. (item #4) and the 




TOC from the previous inlet of 19.5 min. 
plus the flow time of 2.5 min or '22 min. The 
TOC, to be used for calculating the Q of area 
#4 is, therefore, 24 minutes. 

(4) The runoff "Q"'for each area is 
given ik item #10. For area #1, the value 
of Q is 15 cfs and for area #2 is 16 cfs. Inlet 
#3 receives the flow from areas #1 and #2 
and also the adjusted runoff from fcs own 
area #3 or the accumulated value of 37.6. 
Inlet #4 is taken in a similar manner and the 
accumulated total is 37.6 cfs plus 9.7 cfs or 
47.3 cfs. 



REYIEW EXERCISES 



Note: The following exercises are study 
aids. The figures followinge^ch question re- 
fer to a paragrapl^ont&ining information 
related to the question. Write your answer 
in the space below the question. When you 
have finished answering all the questions for 
this lesson, compare your answers with those 
given for this lesson in the back of this book- 
let. Do not send in your solutions to these 
review exercises. 

1. Nit considering rainfall, what 
are the three factors which most affect 
rate and quantity of runoff.? (2-2a) 

/ 



3. Under what circumstances may 
yoti use the hasty method for calcula- 
ting the size of draihage structure re- 
quired? (2-4b) ' 




4. In relation to the rational meth- 
od for calculating quantity of runoff, 
what is the definition of a complex area? 
(2-6b(5)(b)) 



% In its early stages, runoff is 
generally in the form of sheet flow. 
What is normally considered the maxi- 
mum distance before sheet flow changes 
to channelized flow? (2-21) 



5. In the rational method formula 
Q = CIA, how would you express math- 
ematically the value of "C"? (2-7) 




6. Why is it necessary to adjust 
the value of "C" when the average slope 
of a drainage* area exceeds 2%?(2-7b 
-(D) 



10. Why is it necessary to deter- 
mine representative flow paths for a 
drainage area? (2-8b(l) (a) ) 



\ 



7. What conditions of soil, cover 
and/or man-made structures in a drain- 
age area would make it necessary to 
weight the value of "C"? (2-7c(l) ) 



1L What is meant by the term 
"representative flow path?y (2-8b(l) 
(a)) *' * < 



8. When it is necessary to both 
correct the value of "C" for slope and 
weight the value of "C" for soil or^urf 
conditions, which is done first? £~7c 
(2)) 



* 

12. If the 1 .hour, 2 year intensity 
for a rainstorm is 2J2 inches, what is 
the storm's intensity for 30 minutes? 
(table 1-5, lesson 1) . 



9. * Maximum runoff for a certain 
rainstorm and a specific drainage area 
will occur only „ when what two condi- 
tions exist? (2-8a(D) 



13. One section of a flow path is 
300 feet overland on average turf with 
a 6% slope. What is the time of flow 
for this section? (2-8c(2) (c) (2), fig 
2-4) 



to 



14. Another section of a flow path 
is 800 feet in a lined channel on a 1% 
dope. What is the time of flow for this 
section? (2-8c(2) (c) (2), fig 2-4) 



18. A drainage area in, the vicinity % 
of Washington, DC has a calculated 
TOC of 35 minutes. What value would 
you use for I in the. rational method • 
formula? <2-8c(l), (2)) 



15. The intensity (I) to bfe used in 
the rational method formula, Q = CIA 
is th£ intensity of a particular storm 
for what period of time? (2-8c) 



19. What is the reason for estab- 
lishing delineation lines on a topo- 
graphic map of the drainage area being 
studied? (2-9a) 



16. How do you determine which 
of the rainfall intensity-duration curves 
to use in determining the storm in- 
tensity?' (2-8c(l)) 



20. Name three methods of measur- 
ing the acreage inclosed by an irregular 
delineation line. (2-9b) 



17. What do you determine to be 
the one-hour, two-year rainfall inten- 
sity for the eastern tip of Brazil? (2-8c 
(D) 
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* : LESSON 2A 

SURFACE 'RUNOFF (TALBOT'S AND OCE METHODS) 

CREDIT HOURS j. '„ 2 * ■ 

•TEXT ASSIGNMENT 3 Attached memorandum. . U or 

MATERIALS REQUIRED 1 1 1 Annex A. 

LESSON OBJECTIVE , To teach additional methods for^lcuTatton 

of^iurface' 'runoff.' f 

SUGGESTIONS IRead the 'attached memorandum through 

rapiHIy to obtain a knowledge of its scope. 
' Then read it through carefully, underlining 
the important points and objectives. Read 
^ ^ tbe review questions at the end of the les- 
son. Sivdy the lesson, parching for an- 
* swers to the review questions, and write 
£> 9 your answers -in the spaces provided. • 

Finally, check your answers with the an- 
* t m $ m ^ swers givep;for thkjpsson at the^back of* 



'this booklet: . Revie^r as necessary. 



ATTACHED "MEMORANDUM 
Section I. INTRODUCTION 



2A-1. GENBRA1 . . j ' . , .quired without determina^n of the, quantity 

*The purpose of this lesson is to p*pvide you * water ^ olved - . . 
with sufficient information and dej|il to ap- , 
ply Talbot's formula and -the Corps of Engi-' CORPS OF ENGINEERS METHOD 
neew method in .the 'solution of drainage ' ^ Corps ; of Engineer3 met hod is a de- 
problems. . ' . * liberate' process involvfng many factors, 

*a i TAi'.««e « D u.,u*, - / "• tables, and graphs, and results in a rateKof 

2A-2. TAIBOT'S FORMULA" ■/ . mnoS J£. & ^ drain&ge ^ Recom . 

Talbot*s formula provides^directl^fhe area B mended uses are igcludgd in tfa> detailed dis- 
the opening of the drainage structure re- cussions of each mefSoa. 

; Section ll< TALBOrS FORMULA 

2A*4. INTRODUCTION, « ■ " sectional area of. the propo'sed;pipe or culvert. 

•Talbot's formula may be used as an ap- T^ 3 method is derived' from observations 
proximate method for computing the cross- V made by Professor Talbot, for gently rolling 

• *b ' 2A#-1 * * ' * 



farmland ip the mid western part of the 
United SS&es. / > 



2A-5. DETAILS 0 . . 

- This formula is: 

A = C ^B* . „ 

in which A = area of waterway opening in 
^ " * square feet- „ 

D = drainage area in acres , 

C = a coefficient that depends 
upon the slope, shape, and 
' - general character of the area 
to be drained 

This formula is recommended only for s ma ll 
structures requiring a waterway opening of 
not greater than 400 square feet In addition, 
the formula isAtfended onj^for a TnaYfrYmm 
rainfall intens^pbf 4 inches per hour. For 
locations having greater integrities than this, 
the required opening may be computed by 
dividing the area* of. the drainage structure 
"obtained from the formula by % and multi- 
plying the result by the intensity of rainfall 
to be -expected at the given location. No . 
adjustment isfmade for a rainfall intensity 
less^lfi^TJ^^dpial to 4' inches .per hour. The 
accuracy of tfcis formula is dependent on the 
selection of the coefficient C. Norjnal values 
for C are as follows: 



C 
c = 



0.2 for flat areas ntft affected by accu- 
mulated know and where the length 
of the valley drained is several times 
the%5adth. 

0.35 for gently rolling farm. land 
where the length of the valley is 
about a or 4 times the width. 



. C — 0.7 for rough, hilly y areas having 
moderate slopes. | 

' C = 1.0 for steep, barren * areas having 
abrupt slopes, and for moderately 
■~ • mountainous areas. 

fhe value of the coefficient C'is influenced by 
the shape of the^drainage area, the side slopes 



•3 

and the, length of the valleys, and by the 
general character 'and culture of tfie ground. 
: All of these factors affect the rate of runoff. 
* ' Therefore the engineer must adjust the value 
jrf C to suit each case. The value of C should 
be increased as the lengths of thq valleys de- 
. crease in proportion to the widths, and vice 
versa- /As sfde slopes steepen, C should be 
increased. Heavy scrub growth would de- 
crease the value of C as compared with cul- 
tivated farm land, whereas rock or barren, 
slopes would increase the value of C. Pre- 
dominantly sandy or gravelly soils tend to 
decrease C, whereas heavy clay soils tend to 
increase C. A value of 1.0 is satisfactory 
for moderately mountainous terrain, or for 
reasonably steep barren ^areas with abrupt 
slopes of up to 10 percent. $he formula should 
not be used for precipitous, rocky, mountain- 
bus areas where C would be greater than one. 
The drainage areas may be obtained from a 
map of the area involved, either by plani- 
metering or by dividing the area into sever- 
al triangles and/or rectangles. Waterway 
openings for various drainage areas are given 
in table 2A-1. A nomograph for the solution 
of Talbot's formula is given in figure 2A-1. 
The diameter of pipe in feet can be computed 
by using the formula: 

Diameter = ; 

. in which A = area of waterway, in square 
/ t feet . 

Example: Drainage area is 200 acres of 
rolling farm land (C ==U.35) • 

A = 0.35 ^/20& = 0.35 >y(2 *° 10*)* 

F 0.35 Nj/8 + 10° = 0.35 i/800 x 10< , 



0.35 X 5.32 x 10 = lg.6 or 19 sq ft 



A = 19 sq ft 





71 * 



= VSI2 = 4.9,or 5% 
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Table 2A-1. Required Culvert Opening iiC Square Feetj Computed by Talbafs Formula * 



Drainage area 
in' acres 



i Mountainous 
(C = 1.0) 



Hilly 
(C'= 0.7) 



Sharply rolling 
(C = J.5)* 



Flat 
(C = 0.2) 



2 _ w 

5 .... 

10 

20 , 

^30 _____ v ____ 

40^. ... 

^50 ... 

75 

loo : 

150 .v~* 

200 

300 

400 '■ 

500 

600 I. 

8oo : 

1,000 

1,500 ._ 

1,500 ._ 

2,000 • 

2,500 

3,000 

4,000 

5,000 „.. 

7,500 

10,000 

15,000 

20,000 



1.7 
3.3 
5.6 
' 9.5 
12.8 
15.9 
17.8 
25.4 
31.6' 
42.9 
^53.1 
*72.2 
88.1 
106t0 
121.0 
151.0 
178.0 
'204.0, 
241.0 
299.0 
353.0 



r.2 

2.3 
3.9 
^6.7 
9.0 
11.1 
12.5 
17.8 
22.1 
30.0 
37.2 
50.5 
61.7 
74.2 
85.0 
106.0 
•125.0 
143.0 
169.0 
209.0 
247.0 
284.0 
352.0 



Formula not to be uteed for 
these conditions. , ■ 



0.9 
1.7 
2.8 
4.8 
6.4 
8.0 
8.9 
12.7 
15.8 
21.5 
' 26,6 
36.1 
44.1 
53.0 
61.0 
76.0 
. 86.0 
102.0 
121.0 
150.0 
177.0 
203.0 
252.0 
298.0 



•The normal value of C fofU^ntly rolling areas is 0.35. 
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h- 30 u. 



LI 



ROUUNG 



FLAT 



UJ 
— <L 

a 

a 
z 

O 



a 



< 

5 



48 

42 
3« 

30 
24 

18 • 

19 < 

12 ■ 



- 13 

- 10 

- 8 

- « 

• 5 
-4 

- 3 

• 2 



, ui 
CC 

l 

CC 
UJ 

0 

u. 
O 

< 



o 

UJ 
CC 

UJ 

.cc 



OJ) 



A = AREA OF CULVERT OPENING? IN SQUARE FEET 

C = COEFFICIENT DEPENDING ON CHARACTER OF TERRAIN 

D = DRAINAGE AREA IN ACRES 

4 

EXAtypLE • THE AREA OF CULVERT FOR A DRAINAGE AREA 
OF 500 ACRES IN GENTLY ROLLING TERRAIN ("COEFFICIENT 
IS 42 SQUARE FEET (SEE DASHED LINE, ABOVE) 

Figure 2A-1. Nomograph for solution of Talbot's formula. 
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Section |H. CORPS OF ENGINEERS METHOD 



2A4. DELIBERATE METHOD OF DETERMINING 
RUNOFF 

a. Although* the Corps of Engineers 
deliberate method of estimating runoff, as 
developed by Hathaway and Horton, is es- 
pecially applicable to airfields, it can also 
be used for other construction projects. 

Horton's equation is as follows: 

4 = tanh 2 a [0.922 t (a/nL) 0 ^ 0 - 25 ] 

where q = rate of flow in inches per hour 
or cubic feet per second per 
acre of drainage area. 

o = r$te of supply or rainfall in 
excess of the rate of infiltra- 
tion in inches per hour. 

time or duration in minutes. 

hyperbolic tangent squared* 

retardance coefficient * 



tanh 2 
n 




L = length of flow in feet 

S = slope of surface or hydraulic 
gradient in feet per foot ' 

b. A series of tables and graphs have 
been developed which, will be used in solving 
for q, thus simplifying the computations re- 
quired to determine the runoff when using 
' "iod. A more detailed eixplanation of 
f Engineers method may be found 
series., 

c Horton's equation was used to com- 
pute a series of overland flows vs duration 
graphs assuming n = 0.40 and S = 1.0 per- 
cent Each graph is composed of curves 
based on various rates of supply for a given 
length and slope of overland flow. These 
curves may be used for surfaces having other 
retardance coefficients or surface slopes by 
using, instead of actual length and slope of 
the flow involved, an equivalent length which 
compensates for the difference between the 
values of n and S used in developing the 
curves. Equivalent length is* indicated by 
the symbol L E . The equivalent length is the 
average length of flow, converted to a, length 



equivalent to n = 0.40 and S = 1.0 percent. 
Figure 2A-2 can be used to find the Le. 

<L The Corp. of Engineers method re- 
quires that you selectra design storm rainfall. 
This can be done from local records if suf- 
ficient datum is available. Otherwise you can 
use the United States isohyetal map (fig 
2A-3) or the world isohyetal map (fig 2-5, 
lesson 2). 

e. It should be noted that the curves 
referred to in c" above, and shown in figures 
2A-4 to 2A-10, inclusive, are.not hydrographs 
for any specific desigii storm, but represent 
the peak rates of runoff fronf" individual 
storms of various durations, all of which have 
the same average frequency of occurrence. 
The duration of supply corresponding to the 
greatest discharge for a particular standard 
supply curve and given value of L is defined 
as the critical duration of supply (t*) for 
runoff from a# area not affected by surface 
ponding. ?\>r a simple area, the lengthy hie 
used in figures 2A-4 through 2A-10 is the 
sum of the equivalent lengths of she^Jj, chan- 
nelized, knd ditch flow. For a complex area, 
the length to be used in figures 2A-4 through 
2A-10 is the weighted equivalent length com- 
puted by the equation, 

, Ai^-L E + A 2 Le 

Weighted Le = iyl L_ 

Ai + A2 + . . . . 

where L E , L E etc. are the equivalent lengths 
1 2 

of the surfaced areas (including ditch flow) 
and turfed areas (including channelized flow 
and/or ditch flow). For successive areas, the 
length to be used ih figures 2A-4 through 
2A-10 is the weighted equivalent length de- 
rived from the weighted equivalent lengths of 
ea^ch area, including the equivalent length of 
additional channelized and/or ditch flow, 
where applicable. The principles stated above 
may best be undelrst&od from the procedure 
and examples which follow in paragraphs 
2A-7 through 2A-10. m * 
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KX) 200 300 400 ftOO 

ACTUAL OR CF^eCTIveVLENCTH Of STRIP HAVIMG TWE 
iNOlCATEO BY PARAMETER 



RETAAOEXE COEFFICIEMT 



0 (00 200 300 400 300 , COO 

LT OR LENGTH -VALUE REQUWEO TO OBTAIN CORRECT DISCHARGE 
BY USE OP OVE ALAMO FLOW CURVES COMPUTED FOR S • I % 



A. CORRECTION FOR OlFFCRtNCCf 111 RtTAAOENCC COtmCtfUT (n) ft. CORRECTION PON OtFFERCHCCS IN SLORC 



(t) 



Figure 2A-2. Nomograph for equivalent length. 
2A-7. PROCEDURE FOR CORPS OF ENGINEERS % c. Calculate the fie of the drainage 



METHOD. 

a. Secure or draft a topographic map 
of 1:2400 or 1 inch = 200 feet ofithe area 
from^which the rate of runoff is to be deter- 
mined. 

b. Delineate and subdivide the area 
into drainage -areas and subareas as described 
in paragraphs 2-2h and 2-9, lesson 2. 




. One-hour roinfoll, in inches, to be expected once m 2 yeors. 
Figure 2A-3. United States isohyetal map. 



areas with respect to 
cover. 



le various types of 



<L Determine whether the area is simple 
or complex (para 2-2g, lesson 2). 

e. Select representative paths of sheet, 
channelized, and ditch flow on the map. 

f. . Measure "the horizontal length (L) 
.and compute the slope (S) of each represents* 
tive path of flow selected. 

g* Calculate the average length (L) 
and average slope (SY of sheet, channelized, 
and ditch flow. * - \ 

It. "Select a coefficient of retardation 
"n", &ble 2-1, lesion 2. 

(1) Study the surface of areas and 
subareas. 

4 (a^ Reconnaissance — look for turf,, 
bare ground, etc. 
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(b) Rei&w the plans and specifica- 
tions for type of man-made surfaces. 

(2) Use engineering judgment and 
select an "n" for eafctrtype of flow, 

L Calculate the area equivalent length. 

(1) For simple areas, determine the 
Lb for sheet, channelized, and ditch flow from 
figure 2A-2, using the coefficient of retarda- 
tion, average length, and average slope for 
each type of flow. Add the equivalent lengths 
of all types of flow to gjet a total-area equiva- 
lent length. ^ 

(2) For complex areas, determine the 
Le for sheet, channelized, and ditch flow 
respectively in each subarea from figure 2A-2, 
using the coefficient of retardation, average 
length, and average slope for sheet, channel- 
ized, and ditch flow in each subarea. Total 
the equivalent lengths for each subarea. Then 
calculate a weighted equivalent length for 
the total area by the equation, 

A, L B " + A 2 L, + . . . . 
Weighted Le = 1 



Ai + v A 2 + . . . . 

(3) For successive- areas it is neces- 
sary to add the equivalent length (total or 
weighted) of each successive area (simple or 
complex) to the equivalent length of channel- 
ized and/or ditch flow required to carry the 
runoff from each successive area to the 
drainage structure undfer consideration. Then 
a weighted equivalent length is computed by 
the same method used for a complex area, 



Weighted Le = 



»AiLei*+ A 2 Le2 + 



Ai 4- A 2 + 



^ (4)*When the calculated equivalent 
length is longer than the lygOO feei^on the 
supply curves, use the"l,200-foot*Jine. # 
* • \ 

j. Select a* design st<frm rainfall (R) 
from the United States (fig 2A-3) or the 
^world isohyetal maps (fig 2-5, lesson 2) . 

k. Select a Tate of infiltration (I) . * 

(1) Study soil and surfaces of areas 
and subareas. ' s r* 



(a) Conduct a soil survey and/or 
reconnaissance to identify soil. ^ 

(b) Review plans and specifications 
to determine if man-made surfaces are water- 
tight 

(2) Refer to table 2A-2 (infiltration 

rates) . 

(3) Use engineering judgment and 
select "Fs". 

L Calculate the ard, supply rate (a). 

(1) For simple areas the area supply 
rate is calculated from the equation, o = 
R-L 

(2) For complex areas the ar&a supply 
rate is the weighted supply rate calculated by 
the equation, oi = R - Ii, o 2 = R - I 2 > etc. 

tit *• t_.i j Ai oi + A 2 o 2 *+ . . . . 
Weighted o = — — - - — - 

Ai + A 2 + . . . . 

(3) For successive areas the weighted 
supply rate for all areas is calculated by the 
equation in para 2A-71(2). 

m* Choose the supply cui*ve closest to 
the area supply rate. 

n. Using the area equivalent length, 
determine the maximum rate of runoff per 
acre (Q/acre or Q/A) and the time of con- 
centration (TOO as indicated by the critical 
time of runoff (U) line on the chosen supply 
curve (figs 2A-4 through 2A-10) . 

o. Calculate the maximum rate of run- 
(Q) in cubic feet per second (cfs) by 
multiplying the maximum rate of runoff per 
acre by the total area in acres (Q = Q/A x 
area, in acres). * * 

2A-8. SAMPLE PROBLEM FOR COMPUTING 
o RUNOFF FOR SIMPLE AREA 

a. Assume that yotf been fur- 

nished with the following inf orHj^tion : 

Area #1:, Fort Belvoir, Virginia. The 
drainage area has beeiudelineated and flow 
paths have been located on the map. 

Area map: See figure 2A-il (Scale 1 in ^ 
200 ft) * • ■ 
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Table 2A-2. Infiltration Rates (for 1 Hour) in Inches Per* Hour 



Ma jor ^Divisions 


Letter 


Dense Cover 


Ave raf< Cover 


Sparse 
(Bare) Cover 
















Gravel 


GW 


1.0 - 1.5 


0.8 - 1.2 


0.6 - 1.0 




Gravelly 
Soils 

(; 


GP 


1.0'- 1.5 


0.8 - 1.2 


/ 

0.6 - 1.0 




d 

OX 


0.6 - 0.8 


0.4 . 0.6 


0.2^- 0.4 


Coarse 
Grained 




u . 


0.4 - 0.5 


0.3 - 0.4 m 


* 0.2 - 0.3 






GC " 


0,3 - 0.4 


0.2 - 0.3 


0.1 - 0.2 






SW 


1.0 -Tl.5 ~ 


0.8'- 1.2 


0.6 - 1,0 




Sand 
ft 


SP 


1.0 - 1.5 


0,8 - 1.2 


0.6 -.1.0 




Sandy 
Soils 


d 

— s* 


t 0.6 - 0.8 


0,4 - 0.*6 


0.2 - 0.4 






u 


0.4 - 0.5 


0.3 - 0.4 


0.2 -"0.3 






SC 


0.3 - 0.4 


0.2 • 0 3 


0.1 - 0.2 






CL 


0.1 - 0.2 




0.02.. 0.1 




Silts ft 
Clays 


ML 


0.6 - 0.8 


0.4 . 0.6 


* 

- 0.2 . 0.4 


Pine 


WL 50 


OL 


0.6 - 0.8 


0.4 - 0.6 


0.2 - 0.4 


Grtined 


Silts ft 
CLays 


CH 


0.1 - 0.2 


0.1 - 0.2 


0.02 - 0.1 




WL 50 v 


MI 


0.6 - 0.8 


0.4 - 0.6 


0.2 - 0.4 






OH 


0.1 - 0.2/ 


0.1 - 0.2 


, 0. 02 - 0.1 


Hifhly 
Or cam r 


Soils 


PT 


0.6 - 0.8 


0,4 - 0.6 


0.2 - 0.4 



V 




Figure 2A-11. Simple-area map (area #1). 
* 2A — 14 



i 



Invert 'elevation of culvert #1 inlet: 44 ft 

Averijge grass cover >• 

'S£il type: GMd * * $ 

Turf area: 14.6 acres 

- Asphalt area* 0.1 acres v ^ 

Yotr~have been* instructed to calculate^ the- 
maximum rate of runoff at culvert #1 that 
is beifcg contributed by area #1, Channel* 
ized flow will be assumed to .start near the 
50-foot contour. 

b. Determine if area is simple. 6r . com- 
plex (par 2-2jg). Xhe area coyered by turf 
was given as 14.6 acres, and the area covered 
by, asphalt was give%as 0.1 atfres. The total 
area is 14.7 acres. 

— x 100'=^99.3 percent ■ 

Since one ty^area^ exceeds. 80 percent* of the 
tota^area, the drainage area .is conmdered a 
^'simple* area. * ^ 



c; It is recommended that you use. a 
table similar to A table 2A-3 in computing jtin- 
off. This wfll«aid you in organizing and re- 
cording your calculations. 4 * 
$ ' • . ' * * 

d. Examination of the map, figure 2A- 
11,. will reveal that subarea "A" is lapproxi- 
matelyeqlialin.si2e , tosubarea"B , ^ The ratio 
of &cb subarea to the total area \a therefore * 
about '12. From this analysis/ it appears 
that one representative path of flow in each 
subarea should be sufficient .to jlescribe all 
paths of flow in each subarea. ^Vater fldws 
exactly perpendicular to thfe' contour lines. 
However, for greater simplicity, .flow lines . 
are "usually drawn a* straight lings -approach 
mately perpendicular to -the contours. ' w 

* e. The following calculations illustrate 
how to^omplete table„l2A-3. — \ 

%W Scaltf, paths A, B, and C. 

* ' " ^ '? * iff 1 

• • , (2) Compute, the. average'slopes of all ' . 
Paths.. / 

$t*nple: 'Slope- »r^a*h A- ^ t ? 5 " S 

> *-/••.< . <* 550 • 
x 100 = 4.6 percent 



(3) Compute I*. P 

(a) Ex a m ple: L £ ' foAhee^flow 
(fig2A-2). - 

Enter abscissa gf figure 2A-2a at 575 and 
red! up, to "n" of 0.4. Read leftAo'edge^of 
graph and the result is 575. %e reason there 
is no change in length is because "n" of Q.4t 
wa£ used. Now enter tie ordinate of fegure 
2A-2b at 575. Read across to slope of 4.6 
percent Read down > to obtain corrected 
length for slope and the result .is 275 -ft. If* 
the alope Jiad been'l percent, there would \ 
have been no correction for, length. 

(b) Example- Le % for channelized 
flow (fig 2A-2)f 

Enter abscissa of figure 2A-2& at 15Q^and- 
read up to "n",of 0.2. Read left to edg£>bf 
graph and the corrected' length fpr the dif 7 
ference in retar dance- coefficient is 75. Enter f 
ordinate of figure 2A-2b at t5 and read across 
to slope of 4 percent. Read down to obtain 
the corrected length for the difference 8f 
slope, which Ts -40.^ 

(c) Example' Le (by, -use of fof- 

'** * 

le formula. Le = can be used in 

. lieu bf fi^re 2A-2 to obtain the equivalent 
length for "n" of. 0.4 and slope of l percent * 

, This formula is recommended for the follow- 
ing reason^ (t) the scale, of figure *2A-2 
;makes,it dif&fcult'to seiecta number in the 
lower left-hand corner \t each gyaph] (2) if 

fc you have an afctual length greater than- 600 
feet, you must; extend the line representing?, 
"tt" of "S" by either inspection or calculation^ 
The .calculation for obtaining the equivalent: 

.length of 4oW is as follows: *' * % 

< L E = equivalent leagt&Jn feet for "n" ' 
n of 0.4 and "S" ofTpercent 




L — actual or \verag^ .measured dis«- 
■ tance of flow path "in feet. 
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p = retardance coefficient (table' 2-1, 
1 Wesson 2) . 

^ S - = actual or average slope, in per- 
cent, of flow patlL a 

Example^: r 

*Le for sheet flow =• * \ 



(2.5) (575) (0.4) 



= 268 ft 



Lt for channelized flow = 
(2.5) (150) (0.2) 



V£0 



= 38 ft 



Locate intersection of L = 315 on the tc 
curve. Read down to -abscissa of 23.. This 
is the time of concentration (TOC) -in min- 
utes and represents the time it will take for 
the entire dra i na g e area tjube simultaneously 
contributing water to culvert #1. Next, re- 
locate L = '315 on the t« curve and read «. left 
to .the ordinate of 1.1. This represents the 
maximum rate of runoff per«aere. 

(c) Maximum rate of runoff 
through culvert #1 (refer to paragraph 
2A-7o). ; • • ' 

Q •= 1.1 x 14.7 = 16,2 cfs . 

2A-9. ^sample Problem for computing 



'(d) It should be noted that the for- 
mula gives more accurate values than those 
shown in table 2A-3. .However, the total L E 
obtained by either method varies very little 
and the supply curves (figs 2A-4 through 
2A-10) allow for a fairly large error in Le 
due to the^ scale of each supply graph. For 
the sohijSbn of any exercise involving the de- 
termination of runoff it is recommended that 

you use the formula and check your results - 
by^sing figure 2A-2 when solving fqrLr,. Afl ^ *V^\£%&" ... 
the exercises in this subcourse will be^Sjsed^ • ^^ert^ation of culverT#2 inlet: 24 ft. ' 
on the formula method , " 

(4) "Q" computations. 

(a) Supply rate (refer to paragraph 
2A-71U)). , * y 

R - I = 1.5 - 0.5 = 1.0 inch pe/fiour. 

(b) Maximum rate of runoff- in cfg 



RUNOFF. FOR COMPLEX AREA 

' a. Assume that* you have been fur- 
nished with the following information; 

Area #2: Port Belvouy Virginia. This 
area jp located (Jirectly below area #l.used 
in paragraph 2A-8 of this Ietoori." - » * ; 

'A*ea map:. See-figure 2A-12 CScal^l in ^ 



per acre (fig 2A-5). 



Average grass cover t 

Sofltype: GM<J. - 

•^Turf area: 6.6 acrerf. % , x . 

. Asphalt area:- 4.7 acres. ?\ * 

You have been instructed to calculate* the 
amount of runoff that oitiy -area #2 'is con- 



j^Jrjtmting to culvert #2. 
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Figure 2A-12. Com_plex,area map farea~#2)\ 
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* Table 2A-3. Simple-area "Lf computations. a 

AREA NO . / , SURFACED O/ AG' 4 TURFji^_AC TOTAL Af, 7 AC 



TYPE FLOW 




. CHANNE-tfZE-D 1 


^ 


n 










PATH 


k • 


s 


^PATH 


L 


S 


PATH. 


L 


s 


/A 
/ A 








ISO 


T.Ovb 








■ / © 




A. J? 


ft 




















i 


1 


o 


























K J 




































'i 




i 








•> 












I 






* 














* TOTAL , 




















AVERAGE 




575"' 








4o2 








. L E 










TOTAL AREA Lc = 3AS' ' 



f 



- "0" 



1 AREA <H0. / 



Q COMPUTATION 

TOTAL AREA 147 AC . R * /.5" ■> flR. 



I » O^J'/HR. 



SUPPLY RAtE = R-I « l4f - O.S - »' /.g? 7HR. 

* CLOSEST SUPPLY CURVE = 

* Q/A « / / CFS FOR L E = 3A5 FT ( 7) 
TOC « 23; MiN (n* 7) 

TOTAL Q«* Q/A * AREA » A/' _ « /4.7 » CFS 




80 per- 
area is 



b. Determine if arfea is simple or com- 
plex, 

total area == 1L3 acres 

— X 100 = 58-4 percent 
tLB 

Since one type area does .not 
cent of the totaj area, this 
^conmdered a "complex^area, 

c Examination of the map, figure 2A- 
12, will reveal thlrt subarea "C" te approxi- 
mately, equal in size to subarea \)'\ The 
Iratio of each subarea to tlje total area is 
therefore about 1:2. Prom tAis analysis, one 
representative path of ftow in each subarea 
should^be sufficient to describe all paths of 
flow in each subarea. 

<L <The following calculations illustrate' 
how to complete table 2A-4. 

CI) L* for path D 

T 2J5 Ln 



(2.5) (570) (.4) 



= 288 



(2) hi for path E 



Lb = 



2,5 Ln 
(2.5) 1360) (0.02) 



= 9 



(8) U-for pititf P • 

V (2.5)* (360) (.02) . ' 

^ u = vET-^- i6 

(4) A X L,. for turf 
(6.6) (288) = 1900 

(5) I for turf = 0.5 (table 2A-2^ 
*(6) a for turf = R-I = 1.5 -0.5 — 'l.O 

* 

(7) A x o for turf = &6 X 1#= 6.6 

+ A^ 

(8) Weighted L E = , 1 J 

Aj + A, 




(Para 2A-7i(2)) , • 

Weighted Le = 2 — = 179 ft 
-11.3 • 

(9) Weighted Supply Rate- =*o = 



A x - 4- A 2 



(para 2A-7i(2)) 



Weighted Supply 'Rate = — 
\ ' 11.3 
= L21 inches per hour 

* K (10) For area. #2 tJief'Jmaximum rate 
of runoff is 19 cfe at culvert .#2. 
. ' . * *t 

2A-10. SAMPLE PROBLEM FOR COMPUTING * 
' ^ ' RUNOFF FOR SUCCESSIVE AftEAS 

a. What is the maximum rate of runoff 
at culvert #2 from areas #1 and #2 sho^n 
in figures 2A-11 and 2A-12 respectively? 

ft For this, problem it is assumed that 
the runoflf from area #1 (simple-area sample 

3m culvert #1 
#2" and con- 
#2 (com- 
L-fl) upon 



problem, para 2A-8) flov_ . 
through ditch #2 to, culvS 
tributes to the runoff from 
plex-area sample problem, ps 
-irpvmgi at culvert #2. 



,2A-< 



e. , To solve a successive-a^a problem, 
it is first necessary to determine the equiva- 
* lent length of flow from each area contribut- 
ing to the area outlet in question. Then the 
equivalent length of each contributing area 
■ and the supply rate of each contributing area 
'are weighted with* respect to the total area. 
Table 2A-5 shows the computations that are 
needed to solve this problem. 

<L The following calculations illustrate 
how to complete table 2A-& • 

(1) Area #\ - 

« > ; (a) L E of 315 'ft (Refer to para 
2A-8; table 2A-3 ; fig 2A-11) . 

(b) Lgtof 460 ft ditch shown in 
figure 2A-12. 



Le = 



2.5 Ln 



7? 



AREA NO 2 , . 



V Table 2A-4. Complex* Area "L s " Computations 
SURFACED f,7 AC TUR F AC TOTAL II. 3 AC 



TYPE FLOW 


5//£-£-r (Turf) 




Ditch 


n > 


** ■ \ 


o.oz 


o.oz 




PATH ^ 




« s 


PATH 


L 


s 


PATH 


L 


s 


.20' 






2£ 


360' 




2f 




;.2>% 








/ 

-4- 












' TOTAL 






3,-9 










360 


J. 3 


J0VERAGE 




570' 


3.9 & 










360' 










/£' 


TOTAL AREA L E = 2SS' 


TOTAL ABEA L £ : ' 25' , 

*— » 




COMPLEX AREA 



ft *_ L£ 7HR 



AREA 


ACRES 


L 


a * l 5 ; 






A x tr 






2.83' 


,19*00 


.0.5 


r.o 






7 


25' 


' 113 


o.o 


}.5 V 


7/ 














t 


TOTAL' 


I/.3 




20IQ, 




I2>.7 ■ 



\ 



1 



* TOTAL A * Le* ,20/8 „ 

WEIGHTED Lc = TnTAI ' A 5 ,/J * /79 FT 

11 TOTAL A 



: TOTAL A x 

^'W^ SUPPLY RATE * TJTAL A 

CLOSEST ^SUPPLY CURVE /£L 
* 1 — * 



//. 3 



Q/A = /- 7 CFS FOR WTO. L E = 1 79 FT 
TOC - J9 MIN. 
„ TOTAL Q s Q/A X TOTAL AREA = 1.7 « //3 = /3g CFS 



2A — 191 



7 57' 



30 

A*s-a , No I 



Table.2A-&' Successive Area Computations 



FOR 
SUCCESSIVE 
AREAS 


TYPE FLOW 


PATH 


L 


s 


n 




Ae-t-X / Lfc To 












D/mto f V* 2.) 








O.OZ 










































TOTAL L E AT ULTIMATE OUTLET = *h2& 


m AJZfrA Ho 2 




FOR 
SUCCESSIVE 
AREAS 


TYPE FLOW 


PATH 


L . 


S . 


n 


L E " 1 


A«*A 2 L t .To AH 




JTLBT 




£T Afc2 


) /79 


■( • 

























r * 


TOTAL Lc AT ULTIMATE OUTLET = 179 



SUCCESSIVE AREAS 



R = 



7HR. 



1 

. AREA 


ACRES 


• L E 


A ? L E 




0* 


A « o- 


/ 


• Af.7 


326 ' 


*7?2 




AO 


14.7* 


* 

2 


//. 3 


; /7? 






/.a 




TOTAL 


r 




1 * — 1 




2a. 3 



WTO. SUPPLY RATE ■' "^i*" ■ iff • -ifiLv*. 



Ci-OSE^T SUPPLY . CURVE / 

llL 



/A»= I J CFS FOR WTO. Lp = 262 FT. 
TOC = 2/ M IN. 

JOTAL ^Q 1 /Q/A » TOTAL AREA = ' /// X Z6.Q z 26. 6> CFS 



2A,— 20^ 



(2.5) (460) (0.02) 



23.0 
2.1 



= 11.0 ft 



* (2) Area #2 

Lb of 179 ft (Refer to para 2A-9; 
table 2A-i; fig 2A-12) ; 

(3) Successive areas 

A, L, + A 2 L 

(a) Weighted Lb i ? 

' Ax + A, 



(Baragraph2A-7i(3)) , 

Weighted L E = = 262 tt 
26.0 

(b) Weighted supply, rate = a = 
Ai 0i + A 2 a 2 



A| + A 2 
Weighted supply rate 



28.3, 
26.0 



= 1.0%. inches per hour 

(4) Maximum rate of runoff at culvert 
#2 from areas #1 and #2 = 
28.6 cfs. 



REVIEW EXERCISES 



Note: The following exercises are study 
aids.' The figures following each question re- 
fer to a paragraph containing information 
related to the qtlestiop. Write your answer 
in the spafce below the question* - When you 
have finished answering all the questions' for 
this lesson, compare your answers with thoee 
0hn for this lesson in the back of this book- 
Jet Do* not send in your' answers to these 
review exercises* * 

» 

* ly In Talbot's formula method 
fyow is the -slope, cover, and Shape of 
the drainage area accounted for? 
(2A-5) 



area decreases m relation to its width? 
(2A-5), 



3. . Referring to fable 2A-1, what 
size culvert opening wquld be required 
for a drainage area of 75 a^res in flat 
terrain? (table iA-l)* - 



0' 



2. In adjusting the value of "0" 
for Talbot's , formula, which way is it 
adjusted as the length pf»the drainage 



2 A — 21 



4. Using the nomograph on figure 
2A-1, what diameter of round pipe, in 
inches, would be required to drain 100 
acres of rolling terrain (use C = 0.4L 
(figure 2A-1), * 



8. How. do you determine the 
equivalent length of flow for a staple^ 
area in which sheet, channelized, and 
ditch flow are all present? (2A-7i(l)) 



5. Using the appropriate mathe- 
matical* formula, what diameter pipe, 
in inches, would you orderof you had 
determined the required waterway area 
to be 7 square' feet? (2A-5) 

■. ? 



9. Infiltration "fates as given* rp 
table 2A-2 have a considerable range 
spread percentagewise. How is the 
specific figure selected? (2A-7k(3>) * 



6. * Curves developed from Horton's 
equation for use in the Corps of Engi- 
neers * method for determining runoff 
are based upon a specific* retardance 
coefficient -and surface slope. When 
the*e factors vary, how are 'the* curves 
used? (2A-6c) 



10, Of fhe^supply curves shewn in 
-figures 2A-4 through 2A-10, how do 
you determine which one to use? 
9 (2A-71, m) . 



7, ToTwe the curves referred to 
in exercise 6 when the area of concern 
is* a comnlex area, what action 'must 
be taken *ith regard to the equivalent 
length? (2A-6c) 



0 




1 r 



£3 



* ■ LESSON 3 . 

DESIGN OF DITCHES AND CULVERTS 

' * ♦ 

CREDIT HOURS 1„1 1 2 *, 

TEXT ASSIGNMENT Attached memorandum. 

MATERIALS ^REQUIRED „1 ^Annex A. % * 

LESSON OBJECTIVE To teach you deliberate methods of ditch arid 

culvert design. f 

SUGGESTIONS ^ Read the attached memorandum through 

rapidly to obtain a. knowledge of its scope. 
J Then read it through caref ully, underlining 

~~' m ~* ~~ the important points and objectives. Scan 

* Annex A* Read the review questions at 
the end of the lesson. . Stud/ the lesson, 
"* searching for answers to the review ques- 

tions, and write your answers in the spates ' 
* provided. Finally, check your answers 

with the answers given for this lesson at 
the back of this booklet. Revievy as neces- 
: sary. 



ATTACHED MEMORANDUM 



3-1. .GENERAL 



In lesson 2 you learned bow to compute 
surface runoff. This lesson will teach you 
how to design the ditches' and culverts that 
jriust be used to carry 'this, surface runoff 
from the drainage^ area. 



3-2. MANNING'S FORMULA 



th/c 



a* After the/ discharge has blfen coi% 
puted, the required* channel or pipe sizes for 
various parts of the drainage system can be 
'determined AIT drainage structures must 
be large enough to carry away the maximum 
design discharge. To prevent infiltration into 
the subgrade, water /should not ' stand in 
drainage ^facilities except for very brief 



r 

periods. Where, existing drainage structures 
are to be used v they must be checked to 
determine whether they will be adequate to 
carry any 'increased runoff resulting from 
the proposed < construction. t The size and 
gradient of pipes and well-maintained chan- 
nels required to discharge design storm run- 
off may be determined by Manning's for- 
mula: 

Q = A R 2/3 S" 2 where, . 

. n 

Q = Y£te of flow in cfs 4 

A — cross-sectional area of flow in 
sq ft 

1.486 = a constant 



3 — 1 



.91 >' 



V 



n = a coefficient of roughness (Xfan- 
nin^s "n") 

S = slope in feet per foot 

R — hydraulic radius in feet (Area 
of flow divided by the wetted 
# . perimeter (wp).) ' * 

b. The wetted perimeter used to calcu- 
late the hydraulic 'radius is the lineal mea- 
surement of that portion of the perimeter of 
the ditch or structure actually wetted by the 
> flow. The mathematical formulas for sdeter- 
mining the values of wetted perimeter^ 
as follows: ' \ 

(1) V-ditches: (fig 3-1) J 



c Manning's coefficient of roughness 
(n) is based on the friction between the 
water and the ditch or culvert surface. In 
the field the value of n is determined from 
experience. Annex A-2 gives nornud values, 
of ,n for most surfaces. If time isV vital 
factor in ditch • or culvert construe 
n = 0.025 may be assumed for h 
struction. 

t 



>n, an} 
con- 



W = 2 y/A' 



4- d 2 



(2) ' Trapezoidal ditches: (fig 3-2) 

wp = 2 + d 2 +. b 

h 

(3) Culverts, 'full 

wp = rrd * — 




Figure 3-1. Cross section of a V-diich. 




Figure 3-2. Cross section of a trapezoidal diUh. 



. <L The slope in feet per foot (S) is 
either measured in the field or given in the 
design specifications. 

^ e. The hydraulic radius' is determined 
by dividing the cross-sectionkl area of flow 
by the wetted perimeter.. For example a V 
ditch with 4 to 1 side slopes and a depth of 
1 foot would have a hydraulic radius equal 
to: . 



8X1 



R = 



2 V(4 2 + I 2 ) 

_ til 

2 yjff 



= 0.485 ft 



f. ; Figurfe 3-3 will be found useful' in 
reducing a^ome of the more laborious calcula- 
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Figure S-S, Ndmographfor Manning's formula. 



Hip 



lions involved in the solution of Manning's 
formula. 



anning 



4d 2 



4 wp 8.25d 



= 0.485d 



3-3. EXAMPLES 

-The following examples show the princi- 
ples involved in determining th*defth of 
flow of & ditch for £ t given longitudinal slope, 
roughness coefficient, and rate of runoff. v 

a. V-dltch: ' The area draining into the 
ditch has a rate of runoff (Q) of 10 cfs. The 
ditch has a 1 percent slope,- a roughness co- 
efficient (n) of 0.02 and side slopes of 4 to* 
1, as shown in figure 3-4. 



Mannings formula Q = A 



10 



1.486 



n 



R 2/3 S1 /2 



(0.485d) 2 ' 3 (0.01) 



1/2 




10 =-4d 2 (74.3} (.485) 2 ' 3 (d) 2 / 3 (0.01) 
10 1= 4d 8 ' 3 (74.3) (0.62) (0.1) 
0.542 ^= d 8 ' 3 

d= 0.542 3/8 

d = 0-795 or 0.8 ft- 

Knowing d we can now solve for the velocity 
(V) in the ditch by the formula Q = VA 



• Figure V-ditch used as exymplerin 

paragraph 3-3. 

Solution: 

A = 4d 2 * 



, wp = 2 Vl6d 2 ~ d 2 = 8.25d ' • , 



Q 

V = _ 
•A 



10 
4(^8) 



3.9 ft/sec 



b. Trapezoidal ditch* The area drained 
by the trapezoidal ditch has a rate of runoff 
of 29 cfs. lie ditch has a 0.6 percent slope, 
a roughness coefficient of 0.03 and the cross 
sectioif of th§ ditch is shown in figure 3*5. • 




Solution: 

A = 9d + 1.5d 2 



Figure 3-5. Trapezoidahditch' section. 

' ' Q = (9d 4- i.5d 2 ) 



wp = 2j6i» + (1.5d) 2 + 9, 



R = 



wp 



y 

• 94 + 1.5d 2 
3.60d + 9 



1.486 |" 9d + 1.5d 2 ] 2 ' 3 
Q.03 U.60d + 9-1 
9d + 1.5d 2 1 2 / 3 



Q = A R2' 3 S 1/2 



\ Q = (9d + 1.5*)' [ 9d + L5d 1 

L3.60d + 9-1 

- / (.0775) (49.53) 

■The solution of this equation by- the usual 
ineans is lengthy 'and laborious involving 



several powers' of cL It will be found simple* 
to solve by trial and error, using different 
valufes for d jintil you arrive at a value for Q 
approximately .equal to«29. 

'Assume d = 1: 



Q =..10.5 



/ 10.5 V' 3 
Vl2.6' 



(3.84) 



Q = 10.5(0.833) 2/s (3.84) = 
10.5(0.885) (3.84) 

Q =• 35.7 cfs 

Since this is larger than the actual Q of 29 
cfs, the assumed depth, 1 foot, ,js too large. 

Assuinp-d = 0.9: 

E8.1 + 1*221 2/3 ' 
— — — 
3.24 + 9-1 



(9.32 \ : 
12.24/ 



13M) 



12.24' 

= 35.8(0.760) 2 ' 3:r 

Q = 29.9 cfs 

Since the actual Q is 29 cfs it can be seen\. 
from the above calculation that the depth of 
flow to the nearest tenth of a foot is 0.9 ft. 

Solving for €he velocijy in the ditch : 

d = 0.9 

A = 9d + 1.5d 2 = 8.1 + 1.22 = 9.32 



V = — = 
~" A 



29.9 
032 



= 3.2 ft/sec 



34. CONSTRUCTION EQUIPMENT COtfSIDERA- , 
TIONS 

a. The shape of the cross-sectional area 
is primarily governed by the required ditch 
capacity and the capabilities of the available 
ditching equipment For the development of 
djitch sizes, a steady and uniform flow, to* 
gether with a constant longitudinal slope and 
roughness coefficient, are assumed; there- 
fore the cross section of a given ditch will 
remain constant throughout its entire length. 
It is also normal practice to design ditches 
to have* about 6 inches more depth than the 
depth of flow resulting from the design' run- 
off (freeboard). . ' 



\ 



.b. The mpst desirable combination df" 
motorized construction equipment may rarely 
be available'for ditch construction, but the 
same machines which ace used in the gradjpg 
operations are usable fey; ditch construction. 
The motorized grader is perhaps the best 
single machine for ditching, but .other jna- 
chines such as the towed scraper, motorized 
scraper, bulldozer, or crane-shovel with any 
excavation attachment may be useH The 
grader ;s primarily used in the construction 
of V-ditches but is also useful for construct* 
irig the siie slopes of trapezoidal ditches. 
Graders can effictefctly construct V-ditchee 
up to z, maximum depth of 2 feet with side 
slopes 4:1 or steeper. The scrapes-grader 
combination is best for construction^ trap- 
ezoidal ditches. The ditching limitation of 
this combination is a minimum ditch base 
width of 10 feet, the working width of the 
scraper. The ditch is usually dug, to a mini- 
mum depth of 1 foot Any side slope may be 
used that satisfies the hydraulic requirements 
of the flow in the ditch. . 

3-5. CULVERT »DE5JGN - ^ 

A culvert is a conduit to convey water- 
through an embankment. Pbr such common * 
and simple structures, culverts have never 
received the attention which they require.) 
There- is no substitute for the correct instal- 
lation procedure as covered in lesson 4. In 
this lesson we are concerned principally with 
selecting the most economical size of culvert 
to carry the runoff through embankments. 
There are three factors which we must know 
about the culvert; 

Type of pipe to be used: corrugated metal 
pipe (CMP) ; concrete pipe, etc. 

Size of pipe to be used> * , 

Slope of the culvert. 

3-6. SIZE OF PIPE 

After the slope and type of pipe have been 
selected, the size of the pipe can 'be deter- 
mined. From the drainage analysis^Mte 
area we calculate the peak rate of J I at 
the entrance to the culvert* by HortoM^r- 



3 — 5 



5 
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mula. To select a pipe to handle this rate 
turn to annex A-4, table of pijae capacities. 
Annex A-4 i$ divided into two tables, one 
for corrugated metal pipe (CMP) and one 
for concrete pipe, because "Manning's n is 
different for each type. For ° example, we 
have an area with a^Q of 29,0 cfs, and several 
sizes of CMP on hand, " What size CMP is 
needed to handle this runoff if the- channel 
has a 1 percent slope? From annex A-4 we 
see that a 30-inch pipe will cany 22 cfs at 
1 percent slope. Since this is less than the 
expected design runoff we will" use a 36-inch 
pipe, which is capable of carrying 36 cfs when 
flowing full. ' r %f 0 

3-7. ' FAC$ORS AFFECTING J*OW 

•* 

From annex A-4, you will notice that, up 
to a certain point, increasing the slope of a 
pipe increased the ability of that pipe to 
carry water. The point at which an increase 
ill slope no longer increases the capacity is 
called the critical slope. Fdr example a 36- 
inch CMP culvert reaches its maximum dis- 
charge at 1.6 percent slope. At this point , 
the culvert is 'most efficient. When the slope 
exceeds the critical slope, the velocity of 
water increases but the depth becomes 
smaller so, that the cross-sectional area is 
reduced. Because Q = VA, thtfsame amount 



of water passes through the pipe as when it 
wag at critical slope. Therefore, do not as- 
sume a steeper pipe will alwiy? increase yotar 
margin of safety. Instead, if the critical 
slope" is exceeded, the velocity may be % "in- 
ereased enougtf to caiise severe erosion* at 
the culvert outlet. 5 

3-6. VELOCITY * N * 

Assume that a drainage s^tem discharges 
a given volume of wdter. In most cases, when 
a water channel of this system is restric£pd 
in cross-sectjonal area tHe^eiucity of ^jj^ 
Water increases within the restricted portion. 
Since the culverts arfc more restricted in 
/'cross ? sectional area than the m ditches, it is 
' Very probable that the" greatest velocities will 
occur in the culverts. Therefore an analysis', 
of culvert velocities will usually indicate 
whether there are any excessive velocities in 
* the drainage system. Annex A-4 shqjvs the 
velocities for various sizes and slopes of pipe. 
If the velocity is above the acceptable limit, 
the ditch slope will have to be decreased, the 
ditch paved, or weir notch dams (lesson 4) , 
installed to check erosion. Annex A-3 lists 
the maximum mean velocities for streams 
and channels. The minimum slope satisfac- 
tory for clear unlined channels is 0.5 percerft. 



REVIEW EXERCISES 



Note: The following exercises are study 
aids.- The figures following each question iy- 
fer to a paragraph containing information 

.related -to the question. Write your answer 
in the space below the question. When you 
have finished answering all the* questions for 

t this lesson, compare your answers with those 
given, for this lesson in Sack of this booklet. 
Do not send in your solutions tor these review 
exeijcises.^ » • 

1. What is the general criteria for 
determining the size of drainage struc- 
tures? (3-2a) ' 



2. Wiiat information will you ob- 
tain "by proper application of Mannings 
formula? (3-2a) ' " ■ 



• \ 



,3. Enter Manning's formula<in the 8. "Determine fhe^ Hydraulic radius 

space below; it will be used frequently of a V-ditch with 3 to 1 side slopes- 

in the remainder of this lesson. (3-2a) * ai>d a depth of 2 feet. (3*2e) 



4. What is meant by the term- 
"wetted perimeter ?" (3-2b) ' . 



9. What is the'hydraulic radius of 
a culvert 36" in diameter when it is 
flowing- full? (3-2b(3)) (3-2e) . 



5. Write the formula for the wet- 
ted perimeter of a tra p ezoi dal ditch. 
(3-2b(2)) ~ 



10. What is the depth of flow (d) 
in a V-ditch if the runoff raters 16 4 cfs, 
the ditch has a.4 percent slope, the 
roughness coefficient (n) is 0.02 and 
the side slopes are 3 to 1? (3-3a) 



6. What is the value of Manning's 
"n" for corrugated metal in good condi- 
tion i$ an open channel, nonvegetated? 
43-2c) (annex A-2, 7b) 



7. How is the "hydraulic radius" 
of a drainage structure determined? 
(3-2e) . • v 



1L* In the exercise above you were 
'given a rate of flow of 16 cfs artd you 
determined a depth 6f flow^of 1 fff You 
were also given a V-ditch with 3 to 1 
side slopes. What is the velocity of 
flow? (3-3a) 



3 — 7 




97 



12. Assuming you have solved Man- 
ning's formula to this point: Q = (9d 

9d + 1.5d 2 \ 2 / 8 



•+ 1.5d 2 J (49.53) (- 



3.6d + 9 



(.0775), and you have a runpff rate of 
75 cfs, find the depth (d) by trial and 
error. (3-3b) 



S 1 



13. WhatStfe the two factors that 
primarily determine the shape of the % 
"Sross-sectional area of a drainage ditch? 
(3-4a) ' - 



16. Name the three factors that 
must be known about a culvert to de- 
termine its carrying capacity. (3-5) 



17, If you have a calculated runoff 
of 29 cfs and a 36-inch CMP available, 
what minimum slope should it be laid 
at? (3-6) (annex A-4) 



18. Wh^t volume in cfs will a con- 
crete pipe of 36-inch diameter carry 
if it, is laid on a slope of 0.6 percent? 



-*i 



14. How much freeboard is normal- 
ly allowed in the construction of a 
drainage ditch? ''(3-4a) 



19, What* is the icritical slope upon 
which you may lay a 24-inch CMP? 
(3-7) (annex Ar4) - 



15. What \g the minimum ditfih base 
width that can be constructed using a 
combination of scraper and grader in, 
construction of the ditch? (3-4b) 



20.~ At what slope does a culvert 
achieve its maximum efficiency? (3-7) 



XL What will the velocity of water 
flow be in an 18-inch CMP if it is carry- 
ing 6.8 cfs? (3-8) (annex A-4) 



22. What is the maximum allowable 
velocity for "an erodible earth channel 
of ordinary firm- loam if the water is 
cjear except for'fine silts? (3-8) (ah- 
\rm A-3) ' * 



LESSON 4 

DRAINAGE CONSTRUCTION, CHECK DAMS, DROP INLETS, w 
CULVERTS, AND POKING 

CREDIT HOOKS — 3 

TEXT ASSIQNMENT '„„ - Review lessons 1, 2/ end 3. 

-Attached memorandum. 

MATERIALS- REQUIRED 4 ^Annex A 

LESSON 'OBJECTIVE To teadi yoif how to install culverts, to design 

^ check dams, to design drop inlets, and to 
♦ use pohding for safety a(jd economy. 

SUGGESTIONS Read the attached memorandum through 

rapidly to obtain a knowledge of its scope. 

• , * , Then read it through carefully,,underlining 

~~ ^7 ~ ~ the impdrtant points and objectives. kead 

/ the review questions at the end of the les- 

K^J' Son. Study the lesson, searching for an- 

swers to the review questions, and write 
c * ^ your answers in the spaces provided. 

" - Finally, check your answers vyith the an- . 

swers given for this lesson at the back of 
' . this booklet. Revfew as necessary.- - ; 

- — : : ~ ~ 

ATTACHED MEMORANDUM ^L^ 
Section L -DRAINAGE CONSTRUCTION, CHECK DAMS, AND DROP INLETS 

" 4-1. EXCAVATION OF DITCHES WITH icciuflulate in the trench during construction 

' EQUIPMENT the trench must be excavated uphill to avoid^ 

■ ,. A , , . ~ . , working in water. 

Open ditches with sloping sides may be 0 

excavated with a* grader, dozer, scraper, ^ S|DE DITCHES 

,power shovel, or dragline, depending on the ' \ 

size $f the ditch and the prevailing working Water draining from the roadbed surface 

'conditions. Narrow trenches or ditches with is , collected into side ditches for disposal. 

vertical sides normally are* excavated with a These side ditches generally serve to collect 

ditcher if the soil is practically free of stone, • wat£r f roiti a considerable area adjacent to 

boulder?, or hard stratifieaT material. This the road. They should be of adequate size 

machine makes better progress if it travels to accommodate the runoff both from the 

downgrade while digging/but if water will Roadbed and from such^ adjacent areas. Side 



ditches are a potential danger to*traffic. To 
reduce this danger to a minimum,- the shoul- 
ders should be 'constructed as wide as prac- 
ticable and with a slope toward -the ditch,. 
If possible, "the required cross-sectional area 
should be obtained by constructing a broad 
shallow trapezoidal ditch. This type of ditch 
has a large capacity. Its minimum depth" 
below the edge of the shoulder should belVfe 
feet The construction and maintenance of 
trapezoiaal ditches with narrow bottom 
widths (less than grader or scraper width) 
is difficult, and may have to be done by Jiand. 
For flows up to 70 cfs, the V-ditch is prob- 
ably more easily constructed and Maintained 
Side slopes should not be greater than lVfe 
to 1 in cohesive soil, and 3 to 1 in, sandy or/ 
loamy soils. When possible, ditches shotild t)e 
deep enough to lower the ground-water, table v 
under thfe road to below\the stibgrade eleva- 
tion, and thus permit drainage* of the sub- . 
grade by seepage into the ditch. Where it 
is economically, possible to develop and main- 
tain turfed side slopes, the side slopes of 
ditches should not be steeper than 4 horizon- 
tal to 1 vertical, to facilitate mowing and 
operations incidental to maintenance^Ditches 
with comparatively flat side slopes must be 
protected against Indiscriminate crossing of 
these ditches by 'vehicles. The longitudinal 
grade of the ditch must be great enough 'to 
provide free flow of water along the ditch, 
with velocities that are "self -cleaning" but 
do not cause erosion. To present the |low ' 
from standing in low- places and seeping into 
the ground, a minimum grade of 0*5 percent 
should be maintained. The maximum gi^ade 
depends upon the erosive* tendencies of* the 
soil in question. Soils with a high percentage 
of rock erode more slowly, for example, than 
clay or sandy soils. Where longitudinal . 
grades of 4 percent or greater are encoun- 
tered, high 'velocities, induced by large vdl- 
umes of water, may require erosion control. 

4-3. EROSION CONTROL 

Erosion control is riot* only required/wr 
avoid possible hazards to movihg traiHc^but ' 
also to maintain an effective and clear drain- 
age system with a minimum of maintenance. ^ 

4- 



Erosion may occur at any point where the 
"force of moving Water exceeds the cohesive 
force of the material with which the water 
. is in contact. There are numerous methods 
• by which erosion contrqj ,may f>e accom- 
plished. MOst methods of control are either 
;based on dissipating the energy of water or 
on providing an erosion-resistant surface. 

a, , Terracing is a control measure de- 

• signed to dissipate the energy of ^overland 
flow 'in rjonuse areas. A terrace consists of 
a low, broad-based earth levee constrtipted 
approximately parallel to the contours, and 
designed to intercepted hold the water until 
it infiltrates into the soil or conduct it as 1 
overland flow to a suitable discharge point. 
Tables of ^vertical spacing and gradients of 

. terraces are given in TM 5-330. Plans and the 
design *of terraces are ajso adequately cov- 
ered in this reference. 

• < . ~w 

b. Turfing; ch^ck dams, placing riprap, 
and spreading rubble are control methods 
designed to catise turbulehce and increase 
the^ retardance in^ order to dissipate the 
energy of flov in channels, ditches, and pipe 
cfutfaUs. Ditches are Often protected ,by 
placing strips of sod held in place by wooden 
boards or stakes' perpendicular ta the path 
pf flow at intervals, along a 'ditch. 

• c. Selection of 'the proper percent of. 
slope for the typ^'of materials contained "in 
cu'tk and fills is a method^ control hased on 
design. Paving with asphalt or toncrete may 
t>e used* to "provide* an erosion-resistant sur- 
, face in„.gutters, ditches, *and pipe outfalls, 
. and. is usually required in ditches on grades 
in excess , of 5 percent. ■ Paving is not gener- 
ally recommended because it is expensive- 
and the w&tei; still has erosive energy which 
must be controlled at aomp point farther 
alonj* the system. \ 

% 4-4 CHECK DAMS 

' On fcitjjehill cuts ai\d steep' grades, check 

* dams are plaoed in side ditches ^to slow the 
water and prevent erosibiv Check dams are 

% not used when the grade exceeds* 5 percent 

* because this would require, placing the dams 

* ^too close together. In such cases, side ditches 
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should be paved with bouldefs, or timbers. 
Also, if ^erosio^is a major probleii^ as in 
sand cuts-, lined ditches are better than 
check dams. 

' ^ > 
• a. Spacing. Check dams* are spaced 

close enough' to produce about a 40 or 50 to 1 
slope. The drop for.the check dp^a should be 
at least 1 foot and not more v tjian 3 feet. 
Aprons to prevent scour "on the j|ownstream 
side ctf the check dam should extend approxi- 
mately^ feet for each foot of vertical drop 
between the bottom of the*weir notch and the t 
top of the apron. %ie formula for computing 
the space or distance between dams is as fol- 
lows: 

100 x H . ... 
. S — , in which 

A - B y 

S — distance between check' dams in 

feet . • . 

H = height of drop in feet for each 

check dam ■ , 

A = original slope of water in ditch 
v ^ in percent 

B = final slope of w^ter in ditch in 
9 percent 

To locate the dams on the g^und divide the, 
length of the ditch by the spicing. The first , 
dam is always at the bottom of the adverse 
grade. For example, suppOsp you want to* 
reduce the slope of an existing 550-foot ditch 
from 3 percent to 1 percent with check dsyns. 
The check dams ai*e to have 1 foot of drop 
per dam. See figures 4-1 and 4-2 and table 4-1. 




Figure $-1. Check dam spacing. 




Figure 4-2. Method of computing check dam 
spacing. 



100 x 1 lO'O 



= 50 ft. 



3-1 

Number of dams required = 
< 550 = ii * 



50 



The 11 dams will take up ll f get of the differ- 
ence in elevation of the ditch. 550 x .03 = 
16.5 feet total drop in the ditch. 

16.5 - 11 = 5.5 feet 

w 

_ x 100 = 1 percent final slope of 

.550 

"ditch 



Table 4-1. Spacing of Check Dams 



Difference 

in slope (A-B) in 

percent. 


Values of H, in feet 


1 




2 


2% 


3 


%' ' 




200 


300 


400 


500 


600 


1 




* 100 


150 


200 


250 


300 








\ 








1% 




67 


aoo 


133 


167 


200 






50 


\eo 


100 


125 


150 


Vh, 




40 






100 


120 


3 . 




33 




67 


83 


100 


ZVi 




29 


43 


57 


71 


86- 


4 




25 


38 


50 


63 


75 


4% 






33 


44 


* 66 


67 
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b. r Weir notch,' The weir ^notch is the 
discharge slot at the top of the check dam. 
The depths of flow may be assumed and the 
length of the slot then calculated "by the 
formula Q = CLH s/2 f or the length of slot 
may be assumed' and the depth of flow then 
calculated bythe'same formula. The slot is 
always constructed y 2 foot deeper than the 
depth of 'flow as a safety factor (fig 4-3). 



WATER LEVEL 



t L 4 s 



Figure $-3. Weir notch, * * ' 

Q = CLH 3 ' 2 r < ' * 

Q == peai rate of runoff through 
- ditch in cf s * ■ 

C = 3 (a constant) 

L =^ length of weir tootclf in feet ' 

. H = depth of floV through notch in 
. feet 

» - * ***** 

Example, of weir flow 

Q = CLH 3 ' 2 " < ; 

Given: * » 4 , »' * 

p Q = 5 'cfs' . / 

C = 3 ' ; ; ' • ' 

l = 2 ft ' 

Therefore :-• «* 

/ 5 = 3 (2) (H*'2) ;: 



• H 3/2 



- = 0.833 
6 



-H^= 0.385 ' 
Add .5 feet for a saf^fy factor 
P = 0.885 -f 0.5 = J.385 feet 



c. Construction. Check dams may be 
constructed of timber, sandbags, concrete, 
rock, or 'similar ^materials.. They must extend ( 
fit least 24 inches into, the sides and bottom ! 
. of the ditch. The height of top of ditch atfqye 

* top of xheck dam should be at leagt 12 inches. 
Side slopes o.f the $tch above and immedi- 
ately below checkT dajns will require protec- 
tion* from erosion. An apron must be » pro- 
vided to prevent scouiing. The weir rioteh 
must hdve a large enough capacity to dis- 
charge^ -the anticipated runoff, or water will 
back up and start cutting around the edges 

* of the check dam. Typical check dam con- 
struction is illustrated in figure 4-4. " 




4-^ 



construction. 

S 

4-5. DROP 

Situations calling for the use of drop inlets/ 
may arise when the runoff from a surfaced 
are|, such as an apron for aircraft or 9/stor- * 
age area, is too large to' continue without 
interaction before* it leaves the area. Usually ^ 

i^the area is graded so that the jvater is di- 
rected toward a shallow ditch where 1 ' it is" 
intercepted by grate heads % (fig'4-5) yvhich 
allow it to drop into underground pipes. The* 
capacity of the gr&te depend/3 upon the depth 
of water over the grate (heaa). Depending on 

' the head, the orifice formula or the weir 

* formula is used to determine the discharge of 
tfcfe grate (se£ table 4-2) .\ A safety factor of 
2.0 s should be used for turfed areas where 
grass cuttings or other Mebris jnay collect in 
the grating. For paved areas, a safety factor 

^ of 1.5 should be u^ed. \ ' 

4 - : \ • / ■ * , - 



-102 



• / 



Table 4-2*. Discharge Capacities of Square Cfrate Inlets in. Cubic Feetjp&r Second 



Grate 
Size, 
Inches 



Grate 
Sq.Ft. 



0.2 0.4 0.6 0.8 1.0 



■Head of Water on* Grate, Feet . 
1.2 <i.4 1.6 1.8 . 2.0 3.0 



4.0 5.0 6.0 7.0 .8.0 9.0 10, 



6x6 

9*9 
12*12 
15jl5 
18*18 
21*21 
24*24 
30*30 
36*36 
4^*42 
48*48 



0.12 
0.28 
0.50 
0.78 
1.12 
1.53 
2.00 
3.12 
4.50 
6.12 
8.00 



0.3 0.4 
0.7 1.0 
1.7 



1.1 
1.3 
1,6 
1.9 



2J7 
3.8 
5.2 



2.2 6.1 

2.7 7.6 

3.2 9.1 

3.8 10.6 

4.3 12.1 



0.5 0.j6 
1.2 ' *1.4 

2.1 2,4" 

3.2 3.8 
4.7 \. 5.4 
6.4 7.4 

8.3 9.6 
13.0 15.0 

21.6 



16.7 
19.5 



29.4 



22.3" 34.3 



0.7 
1.5 
r 2,7 
.4.2 
6.0 
8.2 
10.7 
16.8 
24.7 
3l9 
43.0 



0.7 
1.7 
2.9 
4. "6 
6,6 
9.0 
il.8 
18.4* 
2$.5 
36.9 
47.1' 



0.8 

1.0* 

3.2 

5.P 

7.1 

9.7 * 
12.7 
19.9 
28.6 
38.9 
50.8 



0.8- 0.9 

1.9 2.0 

3.4 3.6 

5.3 5.6 

7.6 8.1 

10.4 li.o 

13.6 14.4 

2l'.2 22.5 

30.6 32.4 

41.6 44.1 
54Q ,57.6 



0.9 1.2 
2.1 2.6 

- 3.8 k.l 
5.9 7.3 

•8.5 10.5 

11-. 6 14.2 

15.2 18.6 

23.7 29.1 
34.2 41.9 
46.5 57.0 

60.8 74.4 



1.3 
3.0 

•5.4 
8.4 

12.1 
' 16.4" 

21.5 

33.8/ 

■ \ 
85.9 



1.5 1.6 
3.4; 3.7 
6.0 6.6 

9.4 10.3 
13.5 04.8 

18.4 20.1 
24.0 -.26:3 

37.5 41.1 

54.6 59J 
73.4 80.9 
96.0 105.2 



1.8 a.9 * 2.0 2, 
- 4.0 4.3 4.5 4. 
7.1»* 7.^ 8.1' 
11U 11.9 12.6 13, 
16.0 17.1 4 18.1 19. 

21.8 23.3, 24.7 -26, 
28.4 30.4^ 32.^2 34. 
,44.4 47.5 50.3 53 

63.9 68*3 72.5 76, 
87.0 93i0 98.7 104 

113.7 121.5 128.9 135 



3/2 \ 4 

N0T15 : M. Values to left of HEAVY- line were calculated from the weir formula: <f«- 3IH L • Perimeter 

2. Values to right of HEAVY line were calculated from the orificej formula: Qv - V37AH 1 / 2 , A « Grate Opening 

3. Clear opening between grate bare was -taken fco be 5056 of to£al grate area. * # . t 
U. Estimated Runoff should be increased 50% in*j5aved areas. , 

* . 5. Estimated runoff * should be increased 100* in turfed areas. ^ _ 
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Example: c ^ . 

Given: Q = 9.0* cfs • 

Head = 1.2 ft 

What size^rate would you use if the drain- 
age area is turfed? 

• * Solution: Since the drainage area is- turfed^ 
a safety factor of 2 should be used The 
grate should be capable of discharging 2 
'x 9.0 or 18 cfs. From T£ble^2, a 30- by 
30-inch grate (Q = 18,4 cfs) with a grate 

. , opening of 31? sq ft would be satisfactory. 
If the area were paved, a safety factor of ""■ 
1.5 would be used. This would require a 
grate with a dischargeof 1.5' x §.0 or 13.5' 

> cfs. A.30- by 30-inch gratewould 'still be 
<(^required since the next smaller -size does 
n<H have sufficient capacity 




Figure 4-5. Grate heads. 

4-6. \ CULVERT PLACEMENT / 

Culvert placement includes alinement, ele- - 
vation, slope, spacing, foundation, backfill, 
m and cover. 



4 



a. Alinement* Culverts' are piaced in 
natural ; drainage channels (fig 4-6) unless 
such installations would require an unusually 
. long culvert or produce a sharp bend in the 
"channel on the upstream side. Mnement is 
generally not' changed whereMhe angle be- 
tween the stream and the embankment is 45° 
or t more. If k meandering stream, is encoun- 
tered, the culvert should W installed at th§ 
best possible location and the stream channel 
straightened as necessary (fig 4*6). Where 
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Figute 4-6. Alinement of culvert. 

old r drainage channels are not encountered, 
culverts should be installed perpendicular to 
the centerline of the traveled way. In sidehill 
cuts on steep grades, ditch-relief culverts 
should be installed at an angle of 60° to the 
centerline, tp allow a more direct entrance 
. of water irfto the culvert (fig 4-7). > 

b. Elevation. At the inlet the 'bottom 
j^^the culvert is placed on or below, but i\gt 
^Rially above, the streambed. It is possible 
to put the culvert above streambed elevation 
if the culvert must carty high flows and a 
small amount of ponding is permissible. If 
this is done, care must be taken to prevent 

-6 
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Figure 4-7. Spacing a ditchrrelief culvert. 

embankment saturation or seepage atlong the 
side of the culvert. Filling under a culvert to 
bring it to grade should be avoided. If nec- 
essary, place the inlet of the culvert below 
the natural streambed and use drop inlets or 
'headwalls^ Drop inlefs require periodic re- 
moval of ac6urfiulated sediment At the out- 
let end, the bottom of the culvert should nor- 
mally be at the elevation of the surface of 
the stream since it may fill with sediment if 
placed below the surface. On sidehill cuts it 
may* be necessary to place the lower end of 
the culvert above the stream. In -this -case, 
spillways are constructed to prevent erosion 
and backwash, or the culvert is extendi be- 
yond the fill (fig 4-8) 




Figure 4-3. Culvert extended *beyonU fill to 
prevent erosion. 



a Slope* Normally, culverts are placed 
on the same/ slope as the nataJral/and arti- 
ficial drainage channels which discharge into 
them. It is generally desirable to' usq slopes 
y from 2' to 4 percent. However, in extreme 

1 pases, where the fall of tlte lanjl requires it, 
^0.5 percent* stope may be used as the abso- 

r lite minimum. Velocities, which may be de- 
termined by Manning's formula, should not 
be greater than .8 feet per second to avoid 
scouring, and not l#»s than 2.5 feet per sec- 
ond to* avoid ''sedimentation. Changes in the 
slope of the culvert should be avoided, but 
when changes are .unavoidable, the culvert 
should be designed so that the stepp^st slope 
is at the outlet end. Where the^outlet is bfe-/ 
low the ground surface in flat terrain, watern 
should be dispersed in a progressively wider 
outlet ditch until the natural ground eleva- 
tion is reached*. In digging culvert ditches 
or installing culverts to slope, a reference 
string c£nT*Mised.' On a continuation of the 
culvert centerline, long stakes are driven 
about 1 f3ot outside the inlet and outlet ends 
of the culvert, yhese stakes .are marked at 
a given distance above^the inlet and outlet 
ends of the culvert ancf a string is stretclie<f 
between these marks (fig 4-9) . , 

d. Spacing. Culverts should be located 
wherever natural drainage channels are large 
enough to require cross drainage. On side- 
hill roads or wherever roads intercept sur- 
face water, either in cut or in fill, the water 
is drained to the low side of the road, and, if 
possible, away from the road by ditch-relief 
culverts (fig 4-7). On 8-p^rcent grades, ditchj 
relief culverts should be placed about 300 
feet apart; on 5-percent grades, 500' feet _ 
* apart; The distance between pipes in miilti-' 
pie-pipe culverts should be at least one-half' 
the diameter of the pipe (fig 4-10). ^ 

e. Foundation. Culverts are- construc- 
ted on a firm,*well-compacted soil foundation, 
except- that box or arch culverts may be. 
placed on rock foundation when suitable rock 
is encountered. The fountktion-isr^always 
shaped to fit, or bed^one-fourth of the out- 

. side circumference of the pipe (fig 4-10). In 
addition, f oundatiomf f of pipe culverts are 
generally cambered, or convexfcd upward 



FIRST POSITION OF REFERENCE 
STRING (LEVEL* 



SECOND POSITION OF REFERENCE 
STRING (2% GRADE) 




GRADE OF PROPOSED CULVERT 



Figure 4*9. Establishing grade of culvert unth reference string. 



along the culvert centerline to correct for 
expected settlement and to insure tightness 
in the lower half of the joints. Sometimes 
>cradles are built, (for rigid pipe only) to pro- 
vide proper support and to avoid uneven 
settlement. Cradles should never be used with 
flexible pipe because the soiT below and at 
the side of the pipe should support the load 
uniformly. A cradle would create pdint sup- 
ports leading to excessive deflection of the 
pipe and subsequent failure. The 1 majprity 
of flexible pipe failures are the result of in- 
adequate compaction procedures. If the foun- < 
dation is adequately compact^, a slight de- 
flection/>f the flexible pipe will increase the 
supporting power of the surrounding soil If, 
however, the foundation material around the 
culvert contains voids or is otherwise not 
properly compacted, a slight deflection of the 



flexible pipe will nc>t result in a^ffictently 
. increased supporting pressure from the foun- 
dation. Hence, thg pipe ^ust deflect still 
further to gain some support since 'the* foun- 
dation material is the primary source of 
strength 01* support fpr a flexible pipe. This 
resultantincrease in deflection will ultimately 
result in failure. If the bearing strength «of 
the, soil is completely inadequate? footings 
are placed to distribute the load. The spread 
footing can be adapted to various types of 
soil and all types of culverts except flexible 
gulverts. 
* 

f . Backfill. Dirt is backfilled and tamped 
by hand or with a mechanical tamper to 
one-half the culvert d^pth^l or to a depth 
sufficient to hold the culvert in place. The 
backfill is th^n .completed with bulldozers and 
other equiprtMt, but tamping is done by 
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- Figute ^-10. Bedding cuVoeris during 
installations. f * 

* 

hand or with a mechanical tamper to at least 
12 inches above the culvert. 

g. Cover. Culverts other than pipe 
should hmk a minimum of. 12 inches (pref- 
erably. 18 inche^ of cover. Corrugated metal 
pipe (CMP) -culverts, used in roads, should 
have a minimum cover of 18 inches or one- 
half the diameter of the pipe, whichever is 
larger. Cover for airfield culverts should be 
based on annex A-5. Cover is measured ver- 
tically from the outside edge of the shouldey 
to the top of the culvert 

4-7. LENGTH AND STRENGTH OF CULVERTS 

Two principal considerations in culvert de- * 
sign are: 

a. Length. The length of a culvert is 
determined by the width of the embankment 
at the location where the ctilvert is to be in- 
stalled. Culverts must be long enough to 
prevent earth from being worked into them 
from/the fill and also to prevent the roadbed 
or embahkfterit *from being scoured by the 
water as it leaves the culvert (figs 4-8 and 

4- 



107 



4-11). Usually, culverts should' be long 
. enough to extend completely through fills to 
the point where the^fill slope meet? the grouhd " 
or streambed level. In some instances, such 
*as on steep grades, excessive lengths can be 
avoided by placing the outlet jabove the toe 
of fill or kbove the stream level. Fbr^a cut 
section, the normal length would be equal to 
the distance from the bottom of the ditch 
on the upstream tside to the bottom of the 
ditch on the outlet side. To minimize scour 
at the downstream end, culverts should be * 
1 or 2 feet longer than otherwise required, 
with the added length on the discharge end. 
* In some instances it wiH be necessary to pre- 
vent scouring by constructing a toe ditch to 
carry the water off the slope. Avoid the use 
of pipes smaller tfcan 12 inches in diameter 
for lengths up to 30 feet, or smaller than 15 
inched for lengths over 30 feet Small pipes 




Figure 4-11. Common causes- of culvert failure. 
9 * • 
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clog easily., and are difficult to maintain. If 
4arge. ^eadwalls are used, the length of. the 
^culvert may be shortened, but it usually 
takes less time, labor, and materials to build 
longer culverts without headwalls. 

Ik Strength. The culvert must be strong 
enough to carry the weight*of the fill -above 
it plus the weight of live loads that pass 
over the froad, as illustrated in figure 4-11. 
Culverts are constructed to act as a single 
complete, unit. under loads. Annex A-6 gives 
recommended gages for nestable corrugated 
metal pipe under various heights of fill. 

" 

4r8. STRUTTING NESTABLE: CORRUGATED 
METAL PIPE (CMP) 

Nestable culvert pipe**should be strutted 
after assembly and before backfilling. Strut-" 
ting is used to give the pipe an oval shape 
with the long ax^ v of the oval in the vertical 
plane before it is backfilled. After backfill- 
ing has been completed, the strutting "is re- 
moved. As the backfill is further compacted 
by the pressure of the pipe and loads on the 
pipe, the pipe again^becomes circular ,in shape; 



a. She and placement of struts and 
sills. The strutting, members consist of one 
lowes sill, two upper sills, vertical struts 
and, usually,. compression caps. Jack struts 
and bearing blocks are used in. placing the* 
strutting members (fig 4-J.2)V All metfajjers 
must be sound lumber. Struts and sills paust 
be cut-squarely in order to set level and join 
evenly. Compression' caps must be -about 10 
inches long, to provide ample bearing on the 
two upper sills. Length of the vertical strut 
must be the elongated .diameter of the pipe 
minus the combined thickness of the com- 
pression caps and the upper and lower sills. 
Jack struts are shorter than vertical struts, 
but long enough to accomplish the required 
stretching frithin the lifting, range of the 
jack. All joints, in tipper and lower frills must 
T>e made at the vertical struts. .However, the 
two upper sill members should not be jointed 
on the same vertical strut, but staggered on 
alternating struts (fig 4-13). 

f b. • Spacing of struts: Spacing o^struts * 
in^various sizes of pipe under differentxtepths 
of fill is showh in tablQ 4-3. The tools required 
include t^ 15-ton jacks, a crosscut saw, a 
hatchet, a carpenter's level, and' a maul. 



TOP SlUS ^ . . 

.COMPRESSION CAP (TRANSVEXSE) 




Fxgurq 1>-12. Details of strutting equipment and materials. 
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'COMPRESSION CAP 
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COMPRESSION CAPS 



UPPER 




SILLS 





IF 




JOINT 
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PLAN OF UPPER SILLS 
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LOWER SIU 



COMPRESSION CAPS 
4" * 4" x 10" 

3' TO 6' 



UPPER . 
SILLS 4-X4" 



3* TO 6' 



VERTICAL STRUTS; 
4" x 4" t 




CULVERT PIPE 



.END ELEVATION 



% LONGITUDINAL SECTION 

NOTE: CULVERTS 60" TO 72" IN DIETER 
SHALL BE ELONGATEO 2" ALONG THE VERTICAL 
AXIS DIMENSION. CULVERTS' 84" IN DIAMETER 
SHAIX EE ELONGATED 2MT. - ^ 9 ' 



Figure Strutting diagram showing* end and longitudinal- views. 



Table 4-3.» Sfntf Spacing, tfoing 4- by 4»Inch 
timbers With ^transverse Compression Caps ; 



Pipe 
diameter 
(Inches) . 


■ — : — 

FIJI heights 'in feet: _ 


Up to 20 ' 


20-30 


, 30-40 


Spacing of stmts in feet 


60. 


'• 6 


6 „ 


. 5 " 


.66. , 


6 


6 


4.5 


72 


,6 


5 


, 4 


78 


6. 


4.5 




• 84 , ' 


6 


4'" ■ 


3 



c Installation of strutting. Not less 
than four men must work together, proceed- 
ing as follows: 

(1) Distribute the prepared sills,, 
struts, and< other members throughout the 
entire length 'of pipe a<§ near as possible to 
where they will be needed. 



(2) Lay the bottom sills in their prop- 
er position, with additional bearing blocks 
alongside to form bases for the jacks. 

(3) Place the first japk on the "bottom 
sill just ahead (toward 'the opposite end of 
th6 culvert) of /where the first vertical strut 
will be placed. 

(4) Place the second jack just in back 
of wfcfere the second vertical strut" 1 will be 
placed. 

S 000 (5) Hold the'upper sills in place while 
/pk^ing jack struts on the jacks, ^se^a car- 
penter's lev^l to plujpb all struts. 

(6) Place a compression cap between 
the jack strut and the upper sills. 

(7) Apply pressure evenly on feoth 
jacks. * * * 

(8) Insert the vertical strut and com- 
pression cap as soon as jack pressure v has 
made §iioug^roona for them to fit between 
tiie, upper a% lower sills. Release fee jack 
pressure and remove jack, jack strut* and 

' compression cap. Be careful to prevent the 
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w loy 

' jacks ftom sjipping-out of place while pres- 

• sure isT)eing allied, and to keep the vertical 
struts in alinf ment when releasing jack pres- 
sure. * 

^ (9) Remove the first jack and place 

it just ahead of the, position tfhere the third 
1 vertical strut wflljbe placed 

(10) Set th^ third jack, strut, compres- 
sion cap, and jack before removing' the second 

♦ jack and setting-up thfe fourth jack j3trut 

ttepeat this procedure fog the full 
*. length 6f 7 the culvert. 

4-9. HEADWALLS AMD WING WALLS * 

Headwalls and wingwalls are jKrastructed 
, to prevent or control erosion, guide .water 
into the culvert, reduce seepage, and hold the 



ends of the culvert in plaqfcThese structures 
are expensive both as to tune and materials. 
Consequently, qn the inllPlnd the pipe cul- 
vert should be extended so that a minimum 
height^an'4 length of headwall are required. 
-As a general rule, headwalls can be omitted 
. on thh outlet end of 'pipe culverts except on- 
steep gftides, where they are needed to hold 
culvert .sections in place. Headwalls should 
not protrude above shoulder grade and should 

* be located at least 2 feet outside the shoulder, 
so they will not be a traffic hazard. If head- 

* walls or wingwalls are not used, the culvert , 

ei will have to be extended to at least 2 feet 
'beyond ]the toe of the fill. Headwalls and 
*wii*gwalis should ordinarily be constructed of 
materials as durable as tfie culvert, b^l sand- 
bags or rubble may be used for temporary 
installations. See figure 4-14 if or dimensions 



* SECTION 1 
THROUGH PIPE 




SINGLE 

L-4D 



L/2 


L/2 






SQUARE FOR ' 
STONE OH JiRICK 


ROUND FOR * 
CONCRETE 













2/ 



^ pL, DIMENSION E 12* FOR STONE OR BRICK 8" FOR CONCRETE FOOTINGS STEPPED ON 
DIMENSION F 8* FOR STONE OR BRICK '3* FOR CONCRETE SOLID ROCK 

- DOUBLE 

* L 1 - / 




4/F0UNDAT10NS.TO BE DEEPENED l , =L„ 

i TO, REST' ON AO EQUATE MATERIAL 
OR TO PROTECT AGAINST SCOUR , 



FOOTINGS STEPPED ON 
SOLID ROCK . 



Figure Typical concrete, brick, and stone-masonry headwalls. 
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of typical concrete, brick-work, anchstone- 
masonry headwalls. Log or timber headwalls 
or wingwalls may be used, as shown in figure 
4-15. limber headwalls and wingwalls are 
similar to timber retaining walls for bridge 
.abutments* Far-walls less than 5 feet high, 
the wall may be made of 2- or 3-inch by 12- 
inch timbers supported by timber piles ir 
posts. Where wingwalls 'are required to chan- 




103 



nelize water and prevent the washing out of 
headwalls, they should be* built to fit site 
conditions. Their height should be sufficient 
to prevent spilling of embankment material 
into the waterway- Their top thickness will 
be the same as the top thickness of headwall 
to* which they are attached, /The endbankment 
^side is inclined 2 inches for>each 12 inches of 
height, but the outside faces are kept plumb* 




cuit ot otrmw 

All 100$ TOC£TM£l ^^J^Y / 



m too 



, -mm 

3 HEADWAU / \ I 




Figure 1-15. Headwalls and drop inlets for culverts. 



Section II. PONDING AND CULVERT DESIGN 
4-10. "MASONS FOR PONDING 



The rainfall section of lesson 1 stated that 
military dteinage structures are seldom, if 
ever, designed to discharge the worst stprm 
on record. For this reason it may be as- 
sumed- that a. storm more severe than the 
'design storm may occur and overload the 
drainage system. Since most military drain- 
age structures will be overloaded at one time 



or another during their useful life, it is usu- 
ally a good procedure to design the area 
around a culvert or drain inlet to take cars 
of a certain amount of ponding. In some 
cases, for, economy, a drainage engineer may 
delit^rately specify a system which cannot 
immediately take care of even the design 
^storm. When this procedure is followed, suf- 
ficient ponding areas must be included in the 
overall plan so that inundation of vital areas 
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+ does not occur. In this case> the excess, \yater 
is merely stored until the intensity of the 
storm decreases to the extent that the drains ^ 
can handle the water. As a general rule, 
drainage systems on* military installations 
are designed to take care of the runoff from 
tfre design storm without ponding, -For*rea- 
sons previously ' mentioned, howevfer, some 
provision should be made for-gonding to take 
place in those- areas where umndations for 
a period of time will no£ affect the opera- 
tional duties of the installation. 

4-tl. PONDING SPECIFICATIONS ' 

• The following specifications are generally 
followed *in the design of ponding areas for 
military installations. ^ - 

a. The edge of ' ponding a^as must be 

at least 75 feet from the pavement edge. 

. * < 

b. * The pond must be drained before^*.' 
damaging infiltration of the subgrade can 
occur. The actual time during which ponding 

is allowable depends upon the condition and 
type of soils found in the ponding area. Gen- 
erally speaking/ tffis period will ba^abaut 4 
kours after the storm begins for 'most of the 
r soils encountered in practice. , \ ' 

4-12, P0ND1N6*DJ£S1GN ASSUMPTIONS 

In designing a ponding area, certain as- 
sumptions %re made to simplify, the calcula- ' 
tions and, at the same time, retain Satisfac- 
tory accuracy. The following are thie assump- 
tions generally made: * 

a; A culvert diSfcharges^ at, its design 
capacity even before enough ftinoff has .ac- 
cumulated behind thp pipe to produce a pond. 

b. increase in head because of pond- 
. iiig does not increase the discharge capacity 
of a Culvert. '* * 

* 

.c. The length 'Of flow<is measured to- 
the middle or average-elevatibii contour v of - 
the maximurif ponding area attained at any 
time during the storm. 



4-13. PERMISSIBLE VOLUME 

a. Volume of permissible ponding is 
generally determined by the area available 
for such ponding and the relative elevations 

. of thi§ area and "the surrounding areas. A 
contour map showing the final grading plan 

J is required to compute the volume of permis- 
sible ponding. By inspection, -a contour lhje 
may be selected that Will provide a ponding 
area located a safe distance from the pavp- 
ment. Ponding volumes may be computed 
from the contour map by ^he "average end 

'area method", $&&te the average of the. 
areas, in square feet, ~~ enclosed by two^ad- 

? jacent contour lines 4s multiplied by the con- 
tour interval in feet^ 

. (A + B) 
V = * x b, in" which 



V 
- A 
^B 



volume in cubic feet 

area of one contour in square feet 

area of the next contour in square 
feet 



b — vertical distance, in feet, between 
contours (contour interval) 

. b. As an, example of computing volume 
* for ponding, consider the contours shown. in 
figure 4-16. Id has been determined that water 
catf, be safely ponded to the 66-foot contour 
liife. The bottom of the inlet end of the cul- 
vert is at elevation 62.0 feet. A planimeter 
. was used to determine the total area en- 
closed by each contour line. The 66-foot con- 

- tour line encloses 25,000 , square feet The 
•64-fbot contour line encloses 10,000 square 
feet. It should be no&d that the contours 
are concentric — the 66-foot contour line 
area includes the' area bounded by the 64- 

- foot contour line. .Therefore:- 

- Volume 62-64 = 10 ' 000 + 0 x 2 = 

2 

10,000 cu ft 

xt i ha ,„ ' • 25,000 + 10,000 
• Volume 64-66 — — ' x K 2 

2 

= 35,000 cu ft 

^ - 'Total volume of the 'ponding area 10,000 
-* + 35,000 = 45,000 cu ft 
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CULVERT TOP VIEW 



ELEV. 62.0 



CULVERT SIDE VIEW 




w Figure 4-16. A ponding 

• . • "t ' ? ' 

c. As a further example of the compu- 
tation- of ponding volumes by the ''average 
$nd area method", consider figure 4-17. As- 
sume now that "the ponding area fe allowed to 
extend to the 68-foot contour line and' deter- 
mine* the volume of the pond The" 68-foot 
contour line encloses a total area of 30,000 
sq ft 

Therefore:' \ 

Volume 62*64 = 10,000 cu ft- (frofti pre- 
ceding example) v 

Volume 64-66 = 35,000 cu ft 

30,000 +■ 25,000 



• Volume 66-68 — 2 x 
= 55,000 cu ft- 
Thereforie: 



. 2 



Total volume available. for ponding will be 
10,000 + 35,0p0> 55,000 = lOOjDOO cu ft 



'■- 6 % SLOPE 



area: (See para 4-13b.) 

if the ponding area extends to the §8^f0ot 
contour line. v 

4-14. RUNOFF CURVES 

In order to*determine the amount of water 
an area will contribute to a pond, a cumula- 
tive runoff curve must first be plotted. The 
following example shows how such a curve 
' is prepared, 

a* Problem. 

(1) Given: The weighted equivalent 
leng£h of the area drained is foun<i by the 

- Corps of Engineers' method (lesson 2A, para 
2A-5) to be 100, feet. The design storm is 
2.2 inches per hour. The area* draineS^eon- 
sists of 10 acres with an infiltration rate of 0.8 
inch per 'hour and 20 acres, with an infiltra- 
tion r&te of 0 inches' per hour. 

(2) Required: Prepare a cumulative 
runoff curve based on the data given. 
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CULVERT TOP VIEW 




• culvert^sideI jwew 



ELEV 62.0 




scope 



, Figure 4-17. A ponding area. (See para If- 18c.) 



b. Tabulated data! All the data needed 

#plot a cumulative runoff xurve, is shown 
table 4-4. .The method of preparing this 
tabulation may best be shojra by explaining" 
how each ..of its columns is compiled. 

v • (1) Column 1 is a tabulation of time 
in minutes. Any similar combination of time 
increments can be used as long as enough 
properly spaced points are obtained to^plot 
t a smooth curve. The cumulative' runoff curve 
* is constructed by plotting time in minutes 
(coll) against volume in cubic feet (col B). 

m (2) Column 2 iists the rate of JIow per 
acre- that has been delivered to the pond 
during the time interval shown in column 1. 
In this case the desigiTslorm was given as 
2.2 inches per hour, TJhe^ weighted supply 
rate-is found* to be* 1.93 inches per hour. The 
closest supply (jurve is 2.0. Using- the supply 
curve number 2.0 (annex A-l , the delivery 
rate for a 100-foot equivalent length for 10 



minutes equals 3.2 cfs per acre, and tor 20 
minutes equals 3.5 cfs per acre. For j^rioi£ 
of time greater than 80 minutes, the rate of 
flow can be found from figure 1-5, lesson 1, 
using the curve number corresponding to the 
supply rate. 

* , (3) Column 3 is 4 the size of the area 
drained in acres, 

(4) Colunjn 4 is the rate of runoff (Q) 
in .cfs forithe entire interval of time shown 
in column 1 and is obtained by multiplying 
column^ 2 and 3 (Q = Q/A «x A). For 10 
minutes Q =. 3.2 cfs per acre x 30 acres or 
96 cfs. 

V 

• (5) Column 5 is the time in seconds. 
For 10 minutes, for example, column 5 would 
be equal to 10 x 60 or 600 seconds. 

(6) Column 6 is the quantity of water 
that has been supplied to the pond for the 
period of time given in column 1, and is ob- 
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tained by multiplying column 4 by^ column 
5. For the .first 10 minutes* ^ 

Column 6 # = fcblumn 4^ (Column 5) 
Column 6 = (96) (600) = 57,600 cu ft 

- After 20 minutes from the start of the, rain- 
fall have elapsed, the volume of water in the 
pond would be equal to (105) (1,200) \>r 126,- 
000 cu ft if no water was released from the 
poncL ' * * 

c Preparing the cumulative-runoff 
curve: The cumulative-runoff curve is ob- 
tained by plotting volumes (col 6) on the 
vertical axis and time in minutes (col 1) on 
the* horizontal axis. The cumulative-runoff 
curve for the data listed is shown in figure 
,4-18. - • 

*I5. ANALYSIS OF THE CUMULATIVE RUNOFF 
CUIVE 

* Runoff curves are analyzed as follows: 

a. Assume that*the s&fe ponding area 
equals 100,000 cu ft (fig 4-17), and that a 36- 
inch CMP culvert is installed at a 1.6 percent 
slope. i 

b. Prom Annex A-4, a 3fcinch CMP 
culvert at 1.6 percent slope discharges 40 cfs. 



The assumption is made that the pipe always 
discharges at rated capacity; therefore the. 
cumulative volume discharged by the pipe is 
a straight-line function* Hence, determine, 
the volume that the pipe will discharge i* 
any tube interval and plot this cumulative 
discharge volume j).n the cumulative runoff 
graph. Connect this point to the origin with i 
a straight line, For example, the 36-inch pipe 
discharges at .the rate of 40 cfs. In 100 
minutes, the pipe will pass, (40) (6,000) =' 

. 240,000 ft. This .point is plotted on figure 
£-18 and' a straight line is drawn from the ori- 
gin through this point jintil it intersects the 
cumulative-runoff curve, Tfiis cumulative- 
discharge-volume line intersects the cumula- 
tive runoff curve at about 104 minutes. At 
104 minutes, 250,000 cubic feet of 'water have 
been supplied to the drainage area by the 

' rainstorm while 250,000 cubic feet of water 
have been discharged through' the 36-inch 
culvert Therefore, a ponding condition is 
no longer present. 9 

^ c Now it is known, how lohg the pond 
''jwill exist behind the inlfefThe next item to 
cover should be the determination of whether 
or ndt the ponding area is large enough. If 
figure 4-18 is referred to again, it will be seen 



Table 4-4. Tabulation of Cumidativ&Run Data 





(2) 


(3) 


(4) 


(5) 


(6) 


Time 

(mm) , • 


Q/A 


A 


Q 

' (cfs) 


Time 
' (sec) 


Volume 
• (ca ft) 


10 


3.2 


30 


96 


600 


57,600 


20 


. 3.5 


30 


105 


1,200 


126,000 


30 

40„' 


3.0\ 

* 

2.7 


30 

» 30 


90 
81 


1*800 
2,400 


162,000 

194,00a 


50 


2.3 


30 


69 ^ 


■ .3,000 


' 207,000 


60 


2.0 


30 


60 


3,dbo 


216,000 


90 ' 


1.5 


30 


45 


-5,400 


243,000 


'« 120 


1.2 


3d 


• 36 


7,200 


259W0 


180 


0.9 . 


30 * « 


27 


10,800 


292,0fe6F 



I (fit 



that . thes greatest vertical distance between 
the cumulative runoff curve and the cumuli- ' 
tive-dfccharge-volume line is shown by the 
line/1? . The line P- represents the maximum 
vonime of water that has ponded behind the ' 
Ivert If the same ^vertical scale is used 
/in measuring this line P, it will be seen that 
the maximum ponding volume will be 86,000 
cubic feet At 39 minutes, the. cumulative 
, supply curve shows that 192,000 cubic feet 
of water have been supplied by the rainstorm 
to the drainage. At the end of 39 minutes, 
the 36-inch culvert has theoretically been 
able to discharge 93,600 cubic feet. There-' 
fore, the difference between the quantity sup- 
plied (192,000 cu ft) and the quantity dis- 
charged' ($3,600 cu ft), or 98,400* cubic feet 
must still be in the pond. In view of the-fact 
that our safeponding volume is 100,000 cubic 
feet as shown in figure 4-17, the 36-inch CMP 
is satisfactory. * 

4-1$. MINTAGES OF PONDING 

In general, ponding will prove useful % 
an economy measure or as> an added safe- 
guard against the, effects or storms -more 
fcevere than the design stonA. Its primary 
use as an economy measure is to reduce the 
size of 'culvert or pipe necessary to handle 
the runoff. ^Ponding will appreciably reduce 
pipe sizes for areas that havfe a short time 
of concentration. For longer times of con- 
centration, ponding r will have little or no ef- 
fect on pipe sizes. The use of ponding as an 
economy measure is often restricted by the 
area available for ponding. This area should 
not only be sufficient to satisfy the rafBfi^- 
nients of the design storm, but should have 
enough reserve capacity to .take care of 
storms of greater than design intensity. -Fa.; 
t cilities for ponding should be coupled with £he 
1 initial grading operations, if possible, to se- 
cure the most* •efficient use of the men and 
machinery involved. 

4-17. CULVERT TYPES 

, CMP, concrete pipe, box culyerts, and im- 
provised pipe culverts are the main types of 
cuiverfcs used in the theater of operations. 



. a. CMP, ^Corrugated metal pipe is the 
"most common pipe, material used for culverts 
in the theafer^of operations. CMP is a stand- 
ard item'- issued in sizes from 12-infch to 48- 

- inch diameter in 6-inch increments plus 6Q- , 
.inch and T^-infch diameters. Pipe culverts are 
;£ommonly'used to provide openings up to 28 
square feet (72-inch diameter) , and mxiltiple 
pipes may be |(sed to provide larger openings. 

b. Concrete pipe. Concrete pipe is a 
common culvert material and .may be pro- 
cured locally or manufactured in the theater - 
of operations by t^he construction unit if con- 
dijtions warrant use of this material, Conc^fete 
pipe, for a. given size", has a greater capacity 
than CMP; however, its greater weight and 
greater discharge velocity are factors which 
ghould be considered in choosing pipes for a 
culvert. • 

c Box culverts. Box culverts of tim- 

- ber, logs, or concrete are often constructed 
when standard pipes camlotlfe obtained. Box 
culverts are used to provide waterway open-^ 
ings from 12 to 144: square feet, and mijltiple 
boxes may be used for larger oj^nings. 0 

, d. Improvised pipe culverts. Improvised 
pipe, such as. 55-gallon oil drums (23-inch* 
diameter Vwelded 'end to end or civilian water 
or sewer ppes, where readily available, often 
save time and transportation if used as a 
culvert. These materials should be checked 
for load-bearing capacity. 4^ 

4-18. CULVERT HYDRAULIC-DESIGN PRINCIPLES 

The discharge capacity (Q) of a given cul- 
vert is controlled by one or more of the fol- 
lowing factors: the elevation of the water 
at the culvert inlet; the hydraulic gradient 
(S) of the culvert; the length (L) of the cul- 
vert, and tB^etevatiorf^tthe tailwater at the 
culvert outlet. , JExcept for drop inlets, the 
type of inlet is not generally considered in y 
v military culvert* design, but it should be re- 
membered that the discharge capacity jof a 
culvert will be increased, particularly in short 
culverts on. steep slopes, ;by smooth-transi- 
tion type of inlet ■ * - 
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a* Calvert inlet writer elevation. For 
roads, airfields, and railroads where exten- 
sive ponding at the inlets of culvert is hot 
'desirable, culverts are usually designed to 
utilize the smallest size and least number of 
available pipes that have a total discharge 
capacity sufficient to pass the peak runoff 
from the design storm without allowing the 
water surface at the inlet to bedbme higher 
than the top of the inlet 

b. Culvert hydraulic gradient The hy- 
draulic gradient or slope (S) of a culvert is 
one of the more important costrols of culvert , 
discharge capacity. For culverts that are de- 
signed to avoid ponding and are unsubmergecT 
at the inlet and outlet the hydraulic gradient 
can' be assumed or equal to the longitudinal 
slope of the culvert The hydraulic gradient 
(S) for any culvert can be satisfactorily esti- 
mated as the slope in feet per foot that is 
calculated by > dividing /the head (H) on, a 
culvert *by the length- (L) of the culvert 

H > 
(S = — ). Head is the difference in elevation 
L 

between: (a) each end of a culvert if the 
inlet and outlet are not submerged; (b) the 



water surface directly above the inlet and the 
top of the outlet if the inlet is submerged 
and the outlet is not submerged; and (c) the 
water surface directly above the inlet and the 
wate* surface direotly above the outlet if both 
the inlet and outlet are submerged. The head 
and hydraulic gradient are illustrated in 
figure 4-19: 

c. Critical slope. For a given size (A) 
of culvert and a given head. (H) on the cul- 
vert, the discharge capacity of a Culvert win 
increase as the hydraulic gradient increases 
until the ^hydraulic gradient becomes equal 
to or greater than the critical slope (S c ). As 
the hydraulic gradient is increased - beyond 
critical slope, the discharge of culvert remains 
constant, the area decreases since the pipe 
does not flow full, and the velocity of flow in 
the culvert increases by V = Q/A:' Critical 
slope ip the minimum slope of the hydraulic 
gradient that will permit maximuin discharge. 
Culverts should be designed to have hydraulic 
gradients about equal to critical slope when* 
ever possible. Equations for approximating 
the critical slope for culverts and Manning's 
"n" for various types of pipe' are given in 
table 4-5. 



Table 4-5. Roughness Coefficients and Equations for Approximate tyi^tical Slope for Pipe Culverts 



( 



Type of culvert 



Manning's 
rotighnes^ 
coefficient 
<n) : 



Equation/ for approxi- 
, mate critical,* slope 
in percent 

<S C ) . 



Corrugated metal pipe or pipe arch 

25% asphalt paved 

50% asphalt payed 
100% asphalt paved 
(Concrete pipe or box 
.Vitrified 'clay pipei 
Clean cast-iron pipe 
Smooth steel pipe 
Planned-wood pipe 
Rough-lumber pipe 



A 



0.024 




2.66/D 1 / 3 


0.021 


s« = 


2.04/D 1 / 3 


0.018* 


Sc = 


1.65/D 1 / 3 


0.013 : 


y\ , s c = 


0.79/D*/ 3 


0.013 „ 


s c = 


0.79/D'/ 3 


0.013 « * 


' s<*= 


0.79/D'/ 3 


0.013 * 


Sc = 


0.79/D 1 / 3 


Q.011 U < 


' . s c .= 


■0.56/D 1 / 3 


0.012 ^ 


s e = 


0.68/D" 3 


0.013 „ 




0.79/D 1 / 3 



NOTE: To determine critical slope 'in percent, uee the pipe diameter in feet. 
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(o) INLET AND OUTLET UNSUBMERGED. 




h— ; L — *) 

(d) 'DROP • INLET CULVERT — INLET SUBMERGED AND OUTLET UNSUBMERGED. 

Figure b-19. Culvert hydmulic gradient {&) and head (H). t 
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* d. Culvert outlet tailwater elevation. 
Whoever possible, culverts should be de- 
signed' to have a "free" or unsubmerged out-* 
let since a submerged outlet tends to' restrict 
the flow of water through the culvert and re- 
sult in ponding at the inlet. To insure a "free" 
outlet, the fend of the culvert outlet should 
be placed at or above the expected elevation 
of the tailwater surface* in th^c^annel at 
the culvert outlet: 

4-19. -CULVERT-DESIGN PROCEDURE 

a. Determine the maximum rate of run- 
off (Q>) that the culvert must drain. 

b. Determine the maximum permissible 
discharge velocity (V^) from table 4-6, or 
annex A-3. v 

+~ '* 

Xable 4-6. Maximum Permissible Velocities 



Ditch lining 



(in fps) 



Concrete or bituminous ^ 
Grouted riprap, hand placed 
Ungrouted riprap, hand placed 
Natural earth, no vegetation 

Uniform sand 

Well-graded sand s 
.^Silty sand 
* Clays 

Gravel 

Natural earth with vegetation 

Average turf 

Erosion-resistant soil 
Easily eroded soil 

Dense turf v> \ 
Erosion-resistant soil \ 
Easily eroded soil^ 



20 
4 15 
10 

/ 

1 - 2 

1 - 2 

2 - 3 
3-5 
5 - 8 



4 - 5 
3 - 4 

6/8 
5'- 6 



c. Determine the sizes and strengths of 
materials available for the culvert. 

d. Draw a cross section of the fill 6r 
embankment showing elevation, the inlet and 



outlet channels, and the culvert slope. The 
culvert slope (S) ) should be slightly less than 
the critical slope (table 4-5) for the diameter 
and* type of pipe to be used and should pro- 
vide the type of inlet and outlet desired, 

e. Calculate the depth of fill at the out- 
•side edge of the shoulder from the cross sec- 
tion. Select only the pipes for which adequate 
cov^r is available. 

• * 

f. Determine the roughness coefficient 
(n) of the culvert material from table 4-6. 

g. Special considerations. 

(1) CMP or concrete pipe culverts 
with inlet unsubmerged. Prom annex A-4 
determine the^pipe capacity (Q p ). Calculate 
the number of pipes required (number = 
Q/Qp)- • j 

(2) Other types of pipe culverts with 
inlet %unsubmerged. Calculate the required 
diameter (D) or slope XS) of a circular pipe 
flowing full from Manning's formula 

(3) Design of^box culverts with inlet 
unsubmerged. The^pharacteristics* of flow 
through square or rectangular culverts with 
tfee same slope, culvert lining, inlet, and out- 
let do not differ significantly from flow 
through round conduits. Box culvert sizes 
can be determined by computing the cross-* 
section area required for a circular pipe andi^ 
designing a box culvert of the same material^ 
as the pipe and with the same cross-section 
area. 

(4) Culverts with a submerged inlet 
Determine the size of pipe, pipes, or box cul- 
vert required to drain in the case* of ponding* 

h. Determine graphically, or mathema- 
tically calculate, the length required. 

i. Determine the head as illustrated in 
figure 4-19. 

j. Compute, the discharge velocity (V) 
by using Manning's formula or annex A-4. 
If the discharge velocity is greater than the 
maximum permissible velocity, either de- 
crease the slope of the culvert or select pipe 
of -a smaller diameter. 
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REVIEW EXERCISES 



NoteT The following, exercises are study 
ajds, The figures following each question re- 
fer to a paragraph containing information 
related to the question- Write your answer 
-in th^ space belo\v the question. When you 
haygjftniflhed answering all the questions for 
ffiis lesson, compare yotir answers with those 
given in the back of this booklet Do not send 
in your solutions to these review exercises. 

L A ditching machine will normal- 
^ ly be able to make better progress if it 
can travel downgrade while digging. 
Under what conditions* would it be n bet- 
ter to dig whjle traveling upgrade? 

(4-1) sJh' 



4* Check dams should not be -em- 
ployed to prevent erosion in drainage 
ditches when the grade of the ditch 
exceeds what percent slope? (4-4) 



£T, What is the minimum lepgth 
apron you §hould, construct dfr-^the 
downstream side of a check dam if the 
vertical drop between the bottom of the 
weir notch and the top of the apron is 
3 feet? (4-4a) ' 



2. To prevent water from standing 
in a drainage ditch and seeping into the 
ground, what minimum grade should 
be maintained? (4-2) 



6. What- should be tlje distance 
between check dams in a drainage ditch 
if you wish to reduce the watgr slope 
from 4 -to 2 percent using check dams 
with a height of drop of 2 feet? (4-4a) 



3. For. soil erosion td occur due 
to flowing-water, what condition must 
exist between the soil and water? (4-3) 



7- In designing the weir notch for 
a check dam, what safety measure is 
taken? (4-4b)' 



J 14 ' 

8. A weir is to* be placed in a 
drainage ditch carrying a flow of 8 cfs. 
The length' of the weir notch is to be 
2y 2 feet Usingjhe forinula Q = CLH 3 / 2 
and a constant of 3,- find the depth of 
water flow ill the weir notch. (4-4b) # 



4 12. Why is it generally desirable to 
place the bottom of the outlet end of a 
culvert at the elevation of the surface of 
a stream rather than below the surface ? 
(4-6b) 



9. The capacity of a specific grate 
is dependent upon what factor? (4-5) 



10. What capacity in cfs would a 
24" x 24" grate have under a 1.4 ft 
head of water? (4-5, table 4-2) 



13: If possible, culvert slope should 
,be kept the same.throughout its length. t 
If iti}»< necessary to change the slope, 
where should the steepest sloping sec- 
tion be locat^ (4-6c) 



14. When multiple-pipe culverts are 
installed what is the minimum distance 
they must be separated? (4-6d) 



#1- 



11. At what angle to the centerline 
of the road should you place a ditch- 
relief culvert if "the road is on a sidehill 
cut and steeply graded? (4-6a) # 



\ 15. In the preparation of the foun- 
dation for a pipe culvert; why is it good 
practiced convex the foundation -up- 
ward along' the culvert centerline? 
(4-6ei * w 1 
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16. In backfilling a culvert, the fill 
material must be band or mechanically 
tamped to what elevation? (4-6f) 



2L What is the pufpose'for strut- 
'ttag- nestable corrugated metal pipe be* 
fore backfilling? («) 



X 



17. What is the minimum amount 
of cover required over a corrugated 
pipe culvert used in a road? 




18. For a cut section the length of 
culvert required is normally found by 
measuring the distance betweenrwhat 
two points? G4-7a) \y 



19. What Tpinimum diameter pipe 
should be used if the length of -culvert 
required is pver. 30 feet? (4^7a) 



22. When strutting a 72" diameter 
culvert, how nyich elongation should 
you §llow for? X4-8a, fig 4-13)' 



. 23. Using 4" x 4" timbers .what 
strut spacing would you use for a 60" 
diameter culvert under a 25 ft fill? 
(4-8b, .table 4-3) ^ 



* ' 24. What are the four functions of 
Wdwalls and wingwalls? (4-9)' ' 



20. In determining the strength 
culvert required,, what loads must 
considered? (4P7b) 



25.* What general rule do military 
'installations follow in regard to jnaking 
provisions for ponding by storm water? 
(4-10) ^ 



J 



26. In a certain area^t is found 
that ponding is pennissiblebebyeen the 
60 and 65 foot contour lines. By use of 
,a planimeter it islfound that the 60 foot--- 
contour encloses 10,000 sq ft and the 
65 foot contour encloses 50,000 sq ft 
How many cubic 'feet of water can be 
ponded in that area? (4-13a,b) 



. 30. On the graph described for ex- 
ercise 29, how can you determine the 
maximum amount of water that will 
Jbe-4n-the-^K>nd-during— the selected 
storm? (4-15c) / 



27. What is the purpose of prepar- 
ing a tabulation of cumulative-run data 
juch as shownin table 4-4? (4^14b) 



31. One of the advantages of pond- 
ing is economy in that it permits the 
use of smaller drainage pipes. What 
type of drainage area is particularly 
suitable to ponding for economic rea- 
sons? (4-16) ' 



28. What is the purpose for prepar- 
ing a cumulative runoff curve? (4-14) 



32* What is the most common pipe 
material used for culverts in the theater 
of operations? (4-17 a) 



29. If, on the same graph you plot 
a cumulative ^kinoff curve, and also plot 
the cumulative discharge through the 
drainage pipe, what is significant about 
the point-<where these two lines inter- 
sect? (4-15b) 



33* .. Whst rule should you follow in 
designing culverts for roads and air- 
fields where extensive ponding at the 
culvert inlet is undesirable? (4-18a) 



54; Define the "head" on a culvert 
under conditions of the inlet being sub- • 
merged and the outlet not submerged, 1 t 
(4-18b) 



35. Define the "critical slope*: for 
a culvert (4-18c) 
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LESSON 5 

* < 

SUBSURFACE DRAINAGE' 



7 



CREDIT HOURS 1—2 

TEXT ASSIGNMENT Attached memorandum// 

MATERIALS REQUIRED Charts 1 and 2/ 

LESSON OBJECTIVE : To teach you to recognize and correct condi- 
tions that require subsurface drainage. 

£0GpESTlOKlS Review paragraphs 1-14 through les- 

, son 1, Read the attached memorandum 

through rapidly to obtain a knowledge of 
its scope. Then read it^through carefully/ 
> underlining the important points and ob- 

jectives. Read thttietfiew questions at the 
. 0 ^nd of the lesson. Study the lesson, search- 

v . fng for answers to the 'review questions/ 
* and write your answers in the spaces pto- 

vided. Finally, check your answers with 
the answers given for this lesson at the 
back of this booklet. Review as necessary. 

*- 

ATTACHED MEMORANDUM 



5* 1 . SUBSURFACE-DRAINAGE j^TERIA 

When surface failures show that the sub- 
surface drainage is inadequate, it becomes 
necessary to determine whether or not a sub? 
surface drainage system as necessary,, and if 
so, what type to install. Generally speaking, 
subsurface drainage may be divided into three 
classes: 

• a. Base drainage' generally consists of 
subsurface drain pipes laid .parallel arid ad* 
jacent to pavement edges with pervious ma- 
terial joining the base and the drain. (Figure 
5-1 shows a typical section of a base-drain 
installation.) Base drainage is required where 
frost action occurs in the subgrade beneath 
the pavement and where ground water rises . 



to the bottom of the base course as a result 
of natural conditions or from ponding of 
surface runoff. At locations where the pave- 
ment niay becojme temporarily inundated and 
there is little,possibility of the water draining 
from the base into the subgrade, base drain- 
age will be required. Table 5-1 establishes 
the criteria -to follow in these cases. BaSe 
drainage is also required at the- low point of 
longitudinal grades in excess of 2 percent 
where the subgrade coefficient of penrfeability 
is less than 1 x 10 - 3 ft/min. The coefficient 
of permeability is a property oSthe soil and 
is defined as the discharge velocity at a unit 
hydraulic gradient. This value is determined 
experimentally, either by laboratory test or- 
by an actual rield test of t^e soil involved. It 
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* MIN. OIS. 3' 



PAVEMENT- 




TURF 



COMPACTED 

FILTER 
MATERIAL 



TOP OF SUBGRAOE 



6" DRAIN PIPE 



(A) ONE/, "6-RADATION OF FILTER MATERIAL 



A 



MIN. DIS. 3* 



PAVEMENT- 



TURF 




COMPACTED FINE 
FILTER MATERIAL 



BASE COURSE 



COMPACTED COARSE 
FILTER MATERIAL 



-TOP OF SUBGRADE 



— MIN. 12' 



6" DRAIN PIPE-*. 
/(BJ-TWO GRADATIONS OF FILTER MATERIAL 

figure 5-1. Tppical section W base-drain installation.. 



\ 



1/1 



is expressed in units of velocity such as feet 
per minute (ft/min) or centimeters per second 
(cm/sec) and varies from 197 X 10 - 4 ft/min 
for gravel and gravel-sand mixtures to 197 x 
10 -?p ft/min for silfr and days. % 

Tame 5-1. Base Drainage Required if Subgrade 
Coefficient of Permeability is Smaller Than 
Stated Feet Per Minute and Inundation May 
v Occur 





* 


Depth to ground 


Coefficient of permeability 


water (ft) , . 


. less than: 


Less than 8 . 


1 X 10 -» ft/min 


From 8 to .25 


X X 10 - 8 Jt/min 


Over 25 


1 X ljF- 7 ft/min 



b.^ Subgrade drainage is required when 
seasonal fluctuations of ground water may be 
expected to rise to a level less than 1 foot 
below the bottom of the base course. Figure 



5-2 shows a typical example of a subgrade 
drainage section. Table 5-2 will serve .as a 
guide for spacing drains. These drains, al- 
though aimjlar to base drains, have a larger 
area of filter material in contact with the 
subgrade. 



Ce Intercepting^drainage is required 
when seeping water in a pervious layer will 
raise the ground water locally to a depth of 
less than 1 foot below the bottom of the base 
course. Figure 5-3 shows a typical intercept- 
ing drainage layout. 

5-2. DRAINAGE TECHNIQUES 

There are various means which the engi- 
neering officer has available to handle any 
drainage situation. These are described be- 
low! . 

a. Increase the depth of base course so 
that the water, table is e specified distance 
below the top of the base courtee. In most 




^Figure 5*2. Subgrade-drainage details. 
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Table 5-2. Approximate Depth and Spacing of Subgrade Drains in Various Types of Soils 



t 

Soil classes 


Percentage of soO separates 
Sand Silt ' Clay . 


Depth of 
bottom of 
' drain 
(feet) 


Distance 
between 
snbdrains 
(feet) 


i 

Sand 


80-100 


0-20 


0-20 


3-4 
2-3 


150-300 
100-150 


Sandy loam 


50-80 


0-50 


0-20 


3-4 
2-3 


100-150 
85-100 


Loan; 


30-50 


30-50 


0-20 


3-4 
2-3 


85-100 
75-85 


Silt loam 


0-50 . 


50-100 


0-20 


3-4 

1 2-3 


'75-85 
65-75 


Sandy clay loam 


50-80 ' 


°-3° 


20-30 


3-4 
2-3 


65-75 
55-65 


Clay loanr 


20-50 1 


20-50 


' 20-30 


' 3-4 . 
■ 2-3 


55-65 
45-55 


Silty clay loam 


0-30 


50-80 ^ 


20-30 


3-4 

2-3 


45-55 
40-45 


Sandy clay 


50-70 


0-20 


30-50 


3-4 
2-3 


40-45, 
35-40. 


Silty clay 


(^20 , 


50-70 


30-50 


2-3 


35-40 ' 
3,0-35 


Clay ' 


0-50 


0-50 ' 


30-100 


3-4 - 
2-3 


' 30-35 
25-30 



cases, the required specification is that the 
ground-water level be at least 5 feet below 
the finished grade. This solution is feasible 
when: ^ v 

*» 

(1) A gravity drainage system is im- 
practicable. 

* (2) / ^e condition to *be corrected is 
of a small localized nature such as a narrow 
swamp crossing. 

v (3) There is an abundant supply of a 
good base^course material 

b. Another means of subsurface drain- 
age is by deep, V-ditches. These ditches are 
easily built, are readily enlarged, and 'they 
provide positive interception of subsurface 



water before it reaches the area being pro- 
tected. However, in many cases, such ditches 
are a traffic hazard and they are also subject 
to erosion. Jn those cases where right-of- 
way problems, traffic situations, and erosion 
difficulties make the use of open ditches im- 
practical, it may be necessary to use a sub- < 
surface drainage system consisting of blind 
or "French" drains, or of perforated or open- 
joint piping. If the water level in natural 
drainage channels can be lowered, it may be 
possible to lower the ground-water level of 
{ the surrounding area, particularly if the sur- 
rounding soils are pervioiis. 

. c. Blind or French drains are construc- 
ted by filling a ditch or trench with broken 

1 • ' J*> 
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BACKFILL 



FILTER* 
MATERIAL 




PERVIOtJS STRATUM 




IMPERVIOUS ZONE 



Figure 5-5. , Typical intercepting drainage layout 



or crushed rock. The top surface of the rock 
may be left exposed so that the trencH will 
act as a combination drain or the rock may 
be covered by a relatively impervious soil so 
that no surface water can penetrate. The 
latter is the general practice. In* general, 
French drains are not recommended for 
permanent construction because they have a 
tendency to silt up with prolonged use. In 4 
theater-of -operations construction, however, 
such drains are often used as a substitute for 
perforated or open-joinfcpips because of logis- 
tical limitations on piping or on filter materials 
suitable for use with such piping. 

cL In cases where a V-type or other 
open-ditch-type drainage system is not prac- 
tical, it may ' be necessary to resort to a 
subsurface piping system utilizing one of the 
many f orrris of pipe currently available. 

> % (1) The most common form of sub- 
surface piping is perforated pipe* In cases 
where the perforations do not extend com: 
pletely around the circumference of the pipe, 
the pipe Is generally laid with, the holes down 
and with the joints closed. Materials used 
in the manufacture of this type of pipe are 



corrugated metal, cast iron, vitrified clay, 
and nonreinforced concrete. 

. (2) Bell and spigot pipes can be laid 
with open joints. Collars are not needed 
over th$*joints if the filter material hqs been 
properly designed. This type of pipe is gen- 
erally made by vitrified clay, nonreinforced 
concrete, and cast iropr. 

(3) Skip pipe is designed so* that water 
enters the ]oipe at bell and spigot joints which 
provide a gap around the bottom semi-circum- 
ference and a slot across the flat top surface 
of the pipe. Skip pipe is generally made of 
vitrified clay or cast iron. , , 

(4) Porous-concrete pipe is laid with 
closed joints and collects water by seepage 
through the wall of the pipe. It shoufd not 
be used where sulphated waters may^ cause 

. disintegration of the concrete. 

(5) Farm tile Is laid with tutt joints 
j slightly separated to, permit collection of 
j water through the joint. Because of its low 
' resistance to high impact lo^ds, farm tile is 

not recommended for use on airfields. Mate- 
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rials commonly used in manufacture of the 
tile £re clay or concrete, I 

e. The use of combination drains which 
attempt to handle both surface runoff arid 
.subsurface water by use of the same/pipe 
system is not recommended Surface runoff 
very often carries sediment and soil from the 
drained area into the system, with the result 
that flow stoppages occur. In view of this, 
subsurface drainage systems Using some form 
o^piping are generally sealed so that no sur- 
face runoff jnay enter. The wily drainage 
system which will handle both surface runoff 
and subsurface water satisfactorily is the 
open channel or ditch. ' . 

5-3. PIPE-LAYING CRITERIA 

There are essentially fiveififferent types of 
pipe available for use but they all should be 
laid in accordance with the f (blowing specifi- 
cations: 

a. Minimum slope of pipe is .15 percent 
or .15 feet in 100 feet. The elevati6n of a 
pipe at any particular location is generally 
specified by the invert elevation in which the 
invert is defined as the lowest point in the 
internal cross section of the pipe at one 
particular location. Figure 5-4 shows the 
invert location.'^ r \ 'V*>^ . A ;^ 



WATER LEVEL 




INVERT ELEVATION 



Figure 5-4. Invert location. 

b. Manholes should be provided at in- 
tervals of not more than 1,000 feet, with a 
flushing riser between manholes. Flushing 
risers should also be installed at dead ends. 

c. Pipe should be at least 6 inches in 
diameter with 6-inch pipe being used for all 
drajps, except long intercepting lines and for 



"extremely severe ground-water conditions 
where it may be necessary to use 8-inch or % 
, larger pipe. ^* 

<L Center of subgrade drains should be 
placed at a depth of not iess than i foot 
below tl\e bottom of the base course and not 
less than 1 foot below the ground-water table. 
Subgrade drains are generally required only 
, at the edges of pavement areas where the 
soil is pervious and well dr ainin g. However, 
locafc'ground-water conditions and base and 
subgrade soil characteristics may necessitate 
closer spacing of the drains. When the drain 
discharges into a culvert or any considerably 
larger pipe, it should discharge above the 
water level in the larger pipe. ■ When the 
drain discharges into a pipe of /equal 6r 
slightly larger size, it is generally better tb 
bring the drain in above the main line and 
make a vertical connection between the two 
rather than join them at the same elevation. 
This procedure 'will prevent the water fron^ 
backing up in the drainage pipe since these 
pipes are rarely flowing full. 

e. When the impervious layer is at a 
reasonable depth, intercepting drains should 
be plkced in the impervious layer below the 

, intercepted seepage stratum. The quantity 
of water collected by ah intercepting drain is 
difficult to determine, but in general, 6-inch 
pipe will prove sufficient for lengths , up to 
1,000 feet. 

f. The piping system should, be sur- 
rounded by at least 6 inches of Suitable filter 
material selected in accordance with the 
principles outlined in paragraph 5-6. If it is 
not p6ssible to secure a mechanical analysis 
of available filter materials, a good concrete 
sand with mechanical-analysis limits as 
showrif in chart 1 may be used, because ex- 
perience has shown that this is a satisfactory 
filter material for the majority of sandy, silty 
soils. Chart 1 is furnished with this sub- 
course. 

5-4. VERTICAL WELLS 

Vertical wells are sometimes constructed 
to permit trapped subsurface water to pass 
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through an impervious soil or rock layer to 
a lower, freely draining layer. of soil If 
drainage is obstructed, additional wells are 
driven, or the-pocfcet is dfained^with-jui 
easily maintained lateral subdrain" system. 
Vertical wells are often used in northern 
latitudes, where deep freezing is common, to 
permit fast runoff from melting snow to get 
through the frozen soil and reach a pervious 
stratum* Under such conditions the bottoms 
^of these wells are treated wjth calcium chlor- 
ide or a layer of hay to prevent freezing. 

fcW. FILTER MATERIAL • 

As has been previously stated, a lay€r of 
-filter material approximately 6 inches in 
depth should be placed around all subsurface 
piping systems. The selection of the proper 
filter material is of great imp or ta nce, since it 
determines -to a large extent the success or 
failure of the drainage system* The improper 
selection of a filter material can cause the 



drainage system to become inoperative in 
one of three ways: 

a. The pipe may becdme clogged by the 
infiltration of small soil particles. * 

b* Particles in the protected soil may 
move into or through the" filters, causing in- 
stability of the surface. > » 

c Free ground water may not be able 
to reach the pipe. 

5*6. PREVENTING FAILURES 

In order to* prevent the occurrence of any 
of the failures listed in paragraph 5-5, various 
crietria have been developed, which, based 
upon the mechanical-analysis soil curves, 
have proved effective in, practice. 

a. To prevent clogging the pipe .with 
L filter material moving through the perfora- 
tions or openings, the following limiting re- 
quirements must be satisfied? . 



(1) For slotted openings: 
- 85-percent size of filter material 

slot width 

. (2) For circular holes: 
85-percent size of filter material 

hole diameter 



is greater than 12 



is greater than 1.0 



is less than or equal to 25 



b. -To prevent the movement of particles from the protected soil into or through the 
filter or filters, the following conditions must be satisfied: 

15-percent size of filter material is less than or equal to 5 

85-percent size of protected soil . 

50-percent si£b of filter material 
50-percent size of protected soil 

c. To permit free water to reach the pipe, the filter material must be -many times more 
pervious than the protected soil. This" condition is fulfilled when the following requirement 
is met: 

15^>ercent siafe of r filter material 

> — ■ is greater than or equal to 5 

1 15-percent size of protected soil 

d. The coefficient of uniformity (Cu) of the filter material should be less than 20 to 
prevent segregation of the- material during placement. The coefficient of uniformity is de- 
fined by the following relationship: 
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60-percent size of filter material 

Cu = — — , 4 

10-percent size of filter material « 

* "e^ It is possible" to learn a gr^at deal about the gradation characteristics of a particu- 
/ lar soil by observation of the soil curves on the mechanical**nalysis chart Well-graded 
soils generally h^ave a. smooth grain-size curve wjth gradual changes of slope. Poorly graded 
uniform soils g&ierally i£ve a very steep grain-size curve. Skip-graded soils have a grain- 
size curve with 'a characteristic hump in it The filter material will have a tendency to 
segragate during placement if it is ^kip-graded. The grain-size curves in chart 1 illustrate 
various gradation characteristics. * 



5-7. SELECTING FILTER MATERIAL 

The filter material should be selected with 
the view toward simplest construction and 
lowest cost To further this end it is desirable 
to use only one layer. If several layers of 
filter material are required, one layer should 
be confined to the region around the pipe 
openings and another layer placed between 
it and the protected soil, as shown in figure 
5-1. The designer would proceed, in this case, 
by selecting a 'filter material to be placed 
around the pipe in accordance with the for- 
mulas in pa^agrafeh 5-6. The second filter 
material should be designed to protect both 



the inner filter material and the surrounding 
soils. In other words, the design of a multi- 
layer filter for a Sufrdrain system should pro- 
•ceed outward from the inside filter material 
to the ^ubgrade soil being protected. 

5-8. EXAMPLE OF FILTER DESIGN 

You are to choose a suitable filter material 
for a (Wnch pipe with *4-inch dianjeter per- 
forations to protect the*siibgrade soil* shown 
in chart 1. The soils represented by curves 
A andJB, chart 1, are readily available from 
local borrow pits. You tabulate the follow- 
* ing data from the chart: 



t Soil A 



SoU B* 



Subgrade 
(protected soil) , 



Dio =. 


1.4 mm' 


* D 10 = 


. .25 mm 








D 18 = 


'2.2 mm : 


D w = 


.30 mm . 


D„' = 


.01 


mm 


D w = 


13.5 mm 


D 50 = 


1.0 mm 


D 50 = 


.042 


mm 


D M = 


19.0 mm 


D M = 


2.0 mm 


Dm = 


.09 


mm 


D M = 


38.0 mm 


Dm = 


13.0 mm : 









The symbol Di 0> D 50 , etc, represents the size of that particle of a soil of which the percentage 
indicated by the subscript is finer by weight For example, if D 50 of a particular soil is 10 'mm, 
then 50 percent of that soil by weight is smaller than* 10 mm^ 



Check for coefficient of uniformity of both soils: 



= 13.57 



Cu 


Dm _, 


19.0 


soil A 


D, 0 


1.4 




Deo _ 


2.0 


soil B 


D 10 


.25 



= 8.0 



«5 



Thus soil A and soil B both satisfy the requirement that the coefficient of uniformity of 
* the filter material should be less than 20. Computations should then proceed in the following 
manner: * 

Soil A ^ 

Pis (filter) Should be equal to or less than 5 to prevent movement of the sub- 

D« (protected soil) Pad e soil through the filter material. ' 

2J2 

— = 24.4 which is not less than 5 *~ 
.09 

Therefore, filter material A is unsuitable because movement of the subgrade soil through 
the filter material impossible. 

SoilB ■ — ^ 

Pis (filter) Should be equal- to or less than 5 to prevent movement of sub- 

4 D w (protected soil) grade soil through the filter. 

^3Q _ — _ 

— == 3.33 which is less than 5 

.09 . 

Dgo (filter) Should be equal to or less than 25 to prevent movement of sub- 

' D w (protected soil) grade soil thi&igh the filter. 

JtJL =s 23.8 which is legs than 25 
.042 

Dm (filter) ' Should be equal to or greater than 5 to permit water movement 

, D15 (protocol soil) through the filter. j 

on * 

= 30 which is greater than 5 



.01 

D M (filter) 
hole diameter 



Should be greater than 1.0 to prevent clogging of the pipe. 



J Note that the spil particle size is usually given in millimeters while the hole size is usually { 
gitfen in inches. The two dimensions must be expressed in compatible units before the preced- 
ing formula is used. This may best be accomplished by multiplying the size of the pipe per- 
forations jft inches by 25.4 which represents the number of millimeters in 1 inch. For the 
example,- with Soil B under discussion: $ 

D 85 (filter)' 13,0am 13 , nA L11 

r . : r; ■ m - = -— ; = 2.0 which is greater than 1.0 

hole diameter % X 25.4 6.35 

Thus soil B satisfies all the criteria for a good filter material while* soil A does not 
5-9. STEPS IN FILTER DESIGN " 

In any case in which, it is necessary to design or select a'filter material frpm several xead- . < 
Uy available sources, the computations would be set up in essentially the same manner, with the 
steps below being presented in the proper sequence:' 
# 

5—9 

' * ■ --; 

. • • r 
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Obtain a mechanical-analysis report of the materials locally available f ormse as filters. 

Determine which of the materials satisfies all th£ criteria listed in paragraph 5-6. t 

The most efficient and most practical type of subdrainage system is the one which adequately 
performs the operations for which it was intended and in addition, was installed with the care- 
fulness and economy consistent with4ts purpose. Any attempt to sawcosts by the use of a 
sketchy or inadequate subdrainage system is false economy. Conversely, any attempt to install 
an elaborate system of underground piping where a simpld V-ditch would serve is well^lould 
likewise be discouraged T 



REVIEW EXERCISES 



Note: The following exercises are study 
aids: The figures following each question re- 
fer to a paragraph containing information 
related to the question. Write your answer 
in the space provided below the question. 
When you have finished answering all the 
questions for this lesson, compare your an- 
swers with those given for this lesson in 
back of this booklet Do not send in your 
solutions to these review exercises. * 

1. What is meant by the term "co- 
efficient of permeability" as related to 
soil? (5-la) 



4. Subsurface drainage is some- 
times taken care of by deep V-ditches. 
What are two disadvantages of this 
method? (5-2b) 



5. What kind of pipe is most com- 
* moply used in a subsurface drainage 
system? (5-2d(l)) 

2* Subgrade drainage must be in- ^ 

stalled when seasonal fluctuations of s 
ground water is expected to rise to, a 
level within* what distance below the 
v bottom of the base course? (5-lb) 



6. When determining the slope of 
a pipe, the invert elevation is used. 
What is the definition of the invert' of 
a pipe? (5-3a) , ./ {V 



8. If it is impracticable to handle 
a subsurface drainage problem by grav- 
ity drainage, what method may be, used 
to relieve the drainage problem? . (5-2a) 



131 



4. In a subsurface drainage pipe 
system what is the maximum spacing 
between manholes? (5-3b) 



737 



8. 



WhaKfe the minimum distance 



the center of\a subgrade drainpipe^ 
should be below lie ground-water table ? 
(5-3d) ^ 



12. What relationship must exist 
between the filter material and the pro- 
tected soil to permit free water to reach 
the drainpipe? - (5-6c) 



9. What method of disposing of 
subsurface water is often used in areas 
where deep freezing occurs? (5-4) 



13. What soil characteristic is in- 
dicated by a smooth grain-size curve 
with gradual changes of slope? (5-6e> 



10. What is one of the most impor- 
tant construction features in determin- 
ing the success or failure of a subsur- 
* face drainage system? (5-5) 



U. Explain the three ways in which 
a drainage system can become inopera- 
tive as a result of the selection of im- 
proper filter material $-5) 



14. How can you identify a skip- 
graded soil by inspection of soil curves 
on a mechanical-analysis chart (5-6e) 



15. When ; more than one layer of 
filter material must be used, what is the 
fitrst layer to be designed? (5-7) 



5 — 11 



135 



16. Soil particle sizes are usually 
given in millimeters while the hole size* 
in drainage pipes is given in inches. 
What action must you take in this re- 
gard when using the filter design for- 
mulas? (5-8) 



19. Fromdata given on chart 2rde- 
tennine whether or not soil C will pre- 
k ^ vent the movement of particles from 
the protected soil (soil D) into or 
through" the filter. (5-6b, chart 2) 



17. Referring to the mechanical 
analysis curves on chart 1, determine 
whether or not soil B will clog the drain- 
pipe if the round holes in the pipe are 
y 2 -inch diameter. ' (5-6a,_chart 1) 



20. Using data given on chart 2, 
determine whether or not soil B will 
permit free water from the protected 
soil (soil D) to reach the drainage pipe. 
(5-6c, chart 2) 



18. Referring again to chart 1, de- 
termine whether or not the coefficient 
of uniformity (Cu) of' soil A is such 
that the fpoaterial will not segregate 
during placement (5-6d, chart 1) 
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ANSWERS TO REVIEW EXERCISES 

LESSON 1 ' < ■ * 

4L. . The first construction work on any. project should provide drainage for the work 

to .follow., (1-1) - ' 0 . 

* • * 

2. Classification of drainage depends upon whether the*water is on or below the surface 

of the ground at the point where it is first intercepted or collected for disposal. .(1-2) ^ ^ ^ 

3. Ditches, alone or in combination with natural watercourses, provide the simplest as 
well as the cheapest and most efficient method for handling surface water. (l-3a) 



- 4. A sanitary system collects all sewage in one system and carries it to a treatment and 
disposal'plant^ Storm srarer systems are best installed in small units, each draining a small 
area, and disposing of tne water in the 'nearest natural watercourse. ^J^) 

5. Open channels, subdrains, • combination* drains, and vertical "wells are used to control 
grpund water. (1-4) " ><$ - 



6. Cut and fill sections must be crowned and high shoulders must be lowered. (l-5c) 

7. Gravel roads' and other, rough untreated surfaces require a crown of.y2 to % inch 
per foot (l-7a) \ • /* 

'* 8. Proper grading is the most important single factor contributing to the success of the 4 " 
drainage system. - (l-8b) • 

\ 9. If the-road or airfield is to be used for only a short period of .time, such as one or two 
weeks, hasty design procedures would probably be used. (l-9b) 

I ' p 

f , w 

10. " Rainfall data for the locality Jbeing considered is of primary importance in designing 
a drainage system that will insure prompt removal of surface water and positive control of 
, ground water. (l-10b) * » 

11. Variations in the state of compaction, soil-moisture deficiencies at the beginning of 

. rainfall, and the elevation of the ground-water table may greatly influence the infiltration ca- ^ 
pacity of a particular soil. (l-10c) 

* - ' 

12. Dry and cracked earth is a sign of loss of water through evaporation and may indi- ^ 
cate an impervious subsoil and inadequate subsurface drainage. (1-11) 

• IS. Preliminary consideration of the t£pe of installation required, the engineer resources 
available; and the a&ount and ^irfeliabllityuf the dajfircollected, detenmne the degree of design 
necessary. (1-12) 



14. The design storm is that storm which may be expected to be, equalled or esxce^ded 

• on an average of one time during the design period. (1-13) 

15. Drainage for military construction should be based on^a 2-year design storm frequency, 

unless exceptional circumstances require greater protection. (l-13b) 

» — ^ - — — - - — - ~ ' ■ • ' • w 

} 16. The duration of rainfall, required to produce .the maximum rate of runoff will de- 
pend primarily upon the length of overland flow, taking into account surface detention, rough- 
ness factor, and other surface-runoff characteristics. (l-13d) <* 

m 

17. The problems relating to subsurface drainage may best be handlec^when construction 
operations on a road or airfield are initiated. (1-15) 

18. The 'flow of water in soils containing , organic and inorganic fine sands, silts, , and 
course-grained soils containing an excess of nonplastic fines, is impeded by their characteristic 

'Hjpsity.' (l-16b) 

/ * . 

19. A "pumping" action occurs which will form a void under the pavement and failure 
ultimately occurs by cracking of the surface. (l-20a) 

* * 

20. In this case, thawipg is from the bottom up due to transference of heat from the in- 
terior of the earth, and there is little tendency for a reduction in subgrade stability to occur. 
(l-20b) 



■ + 
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ANSWERS TO REVIEW EXERCISES 



LESSON 2 

1. Size, shape, and slope are the most important factors which affect the rate and quanti- 
ty of runoff. (2-2a) 

2. Sheet flow can be expected to become channelized flow in 400 feet or less. (2-21) 

3. The Hasty Method, for calculating the size of a drainage structure refeuiifed ia uped 
only when time does not permit the use of a more exact method. (2-4b) 

■ * 

4. A complex are* is one that is composed of two or more different soil types, cover^ or 

man-made areas, no one of which constitutes 80% of {he area*. 4 (2-6b(5) (b) ) 

- runoff 

5. Expressed mathematically the value of "C" is the ratio of runoff to rainfall, or- 



rainfalL 
(2-7)* 

6* The reason for the correction is that as- the ground slope increases the rainfall runoff 
will flow at a faster rate, thereby reducing the time available for the water to infiltrate the soil. 
(2-7b(l)) 
» 

7. If .the drainage area consists of two of more types of soil or cover, and no one. type 
equals or exceeds 80% of the total area, it is classified as a complex area. In a complex area, 
the "Rvalue must be weighted, (2-7c(l)) 

8. Before the "C" value i^eighted, the"C" value assumed must be corrected for slope. 
(2-7c(2)) ' - ' 

9. Maximum runoff occurs only when the rain falls over the entire area and the storm 
lasts for the area time of concentration (TOC). (2-6b(D) 

10* Representative flow paths must be determined before you can determine an area time 
of concentration (TOC). (2-8c(l)(a)) 

11. A. representative flow path is one* that is representative of the time at .which -the ma- 
jority of the area will be contributing runoff to the outlet point. (2-8c(l) (a) ) v - 

* 

12. On figure 1.5, lesson 1, find the intersection of the 2.2 curve and the 30 minute dura- 
tion line. Prom this intersect, move horizontally left to the'rainf all intensity in inches per hour 
line and read 3.5 inches, (figure 1-5, lesson 1) _ 



1 on 



13.% ' - • ' 

13. Enter figure 2-4 at average turf, move left to 6% curve, follow 6% curve line down 
to 300 foot line, read vertical line downward, read 11 minutes TOC. 

• . •* • 

14. Ent^r figure 2-4 at paVed arevgo l§ftto 1% cu^ve, move up curve to. 800 foot line, 
rirnp vertically down to bottom of figure, rea d 37 minutes TOC, (2-8c(20 (c) (2), fig 2-4) 

15. The critical storm duration, for the pul^Pse of .dptesmining that storm's intensity, is 
set equal to the time of concentration (TOQ.> X2-8d) 

16. Knowing tl^e geographical location of the drainage area, you go to the world isohyetal 
map (fig 2-5) where you can find the one-hour, two-year rainfall intensity for any area of the 
world. This value is the number ,of the curve you use, (2-8d(l) ) 

17. Prom-tifcie world isohyfetal mag,' the eastern tip of Brazil would have a one-hour, two- 
year rainfall intensity of 2 inches.^ (8-2d(l)) * , 

18. The one-hour, twc^year rainfajl mte^sity for Washington, DC is 1.5 inches per hour. 

Refer to figure 1^, -lesson 1,, interpolate between the 1.4 and 1.6 curves to the 35 minute line, 

read 2,3 inches per. hour. (8-2dU>, (2)) * 

\ * % 

. 19, Delineation lines mam the, bou^dary/jof^the? drainage area, thereby permitting the 
area to be measured. (2-9a) / »• . 4 * ' x 



or by 



20. An drea on a*map may be^gsured h^y jxse. of a planimeter, by using geometric shapes, 
y the. stripper method. (W/i^ • / / ' , 



a. 



f 
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ANSWERS TO REVIEW EXERCISES 



^ LESSON 2A 

h The Slope, cover, shape, and general character of the drainage area are all considered 
in the coefficient "C" of the formula A = C^D*. (2A-5) 

, The value of "C" should Jbe increased as the length of the valleys decrease in propor- 
* tion to their widths. (2A-5), . *• 

S. From table 2A-1 read 5.1 square feet, (table 2A-1) • 

4. From figure 2A-1 read 48 inches* ' (fig. 2A-1) 

5. ttpe diameter (ft) = V— - \/ 4 X ? = 2.98 ft = 35.8". Use 36" diam. 
(2A-5) * . . ' 

. 6. These curves may be used for different values' of "n" and "S" by determining and 
using 'an equivalent length (Le) instead of the measure^ length. (2A-6c) 

7. For a complex area, the length to be used must be the weighted equivalent length. 
(2A-6d) - 

8. Determine the Le for each type of flow from figure 2A-2, using the coefficient of re- 
tardation, average length, ai*d average slope for each type of flow. Add them all together to get 

, the total area equivalent length. (2&-7I(l) ) 

* 9. The determination for a value for 'T' to be used, within the range of yalues gpven, is 
based upon engineering judgment (?A-7k(3)) 

10. First determine the rainfall (R) for the area in a one-hour storm of two-year fre- 
quency from, the isohyetal map. Next determine the-infiltration rate (I) as illustrated in para- 
graph 2A-7k. Then, supply rate (o) = R-L Choose the supply curve closest to the area supply 
rate. 
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ANSWERS TO REVIEW EXERCISES 

' LESSON 3 

L All drainage structures must be large enough to^ carry away the maxium design dis- 
charge (3-2) - " - . 

2. The size and gradient of pipes and well-maintained channels required to discharge de- 
sign storm runoff may be determined by Manning's formula. (3-2) 



3 , q - a~ R 2 ' 3 (3-2a) 



erh£ie 



4. Wetted perimeter is the linear measurement of that portion of the perimeter of the 
ditch or structure actually wetted by the flow. (3-2b)^ • , 



■ 5- wp = 2 V(^) 2 + b 



6- .022 (3-2c) (Annex A-2, 7b) 



(3-2b(2)) 



7. The hydraulic radius is determined by dividing the cross-sectional area of the flow 
by the wetted perimeter. (3-2e) 



12 x 2 



8. R = 



12 



12 



2V6 2 + 2 2 2\/40 . 2 x.6.32 



= 0.95 ft. (3-2e) 



9, wp = = 3.1416 x 3 = 9.43 
nd 2 3.1416 x 9 



area = — — 
4 



= 7.08 



7 08 

R = _ = 0.75 ft (3-2b<3)) (3-2e) 
9.43 



10. A = 3d 2 



wp = 2 V9d 2 + d 2 = 6.32d 
'A 3d 2 



R = — = 



O = A 



wp , 6.32d 
1.486 



= 0.475d 



R 2/3 S 1 ' 2 'see exercise 31 



n 
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16 = 3d* (0.475d) J ' s (0.01) 1 " .< 

\ 0.02 '/ 

16 = 3d 2 (743) (0.475) 2 ' 8 d 2 ' s (0.01) 1/J 

16 = 3d"* (743) (0.609) (0.10) , ' 

d«/» = ^ = 1.18 ~" 

3^(743) (0.609) (0.10) . - f 

d = (1.18) 1/8 = 1.063, or 1.0 ft (3-3a) 
Q 16 

11. V •= — = — — = 5.3 ft/sec. (3-3a) - , 

A 3X1 

12. Assume d = 1.5 ft 

Q = (9 x 1.5 + 1.5 s ) (49.53) Z 13 - 5 + 3 ' 38 ) <0.0775) 
( > 5;4 + 9 ' 

== 16.88 x 49.53 x 1.17 X 0.0775 

= 75.5 cfs. r\ 1.5 ft is depth of flow (3-3b) 

13. The ditch capacity required ancl the capabilities of the equipment available. (3-4a) 

i 

14. " \A 6-inch freeboard is normally allowed (3-4a) j 

15. The minimum ditch base width is 10 feet because that is the working width of the 
scraper. (3-4b) 

16. You must know the type of pipe to be used, the size, and the slope it is to be Ijtfd'on. 
(3^) 

17. 0.6 percent v slope. (3-6) (annex A-4) 

18. 40 cfe. (3-6) (annex AA) 

19. 2.0 percent (3-7) (annex A-4) 

20. At the critical slope. (3-7) 

21. 5 fps. (3^8) (annex A-4) 

22. 3.5 ft/sec. (3-8) (annex A-3) 
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ANSWERS TO REVIEW EXERCISES 

/ LESSON 4 

L If water will accumulate in tiie trench during, construction, the trench must be ex- 
cavat^ uphill to avoid working in water. (4-1) 

2 # A minimum grade-'of 0.5 percent should be maintained ta prevent water from stand- 
ing in ditches. (4-2) 

3. Erosion may occur at any point where the force of m6ving water exceeds the co- 
hesive force of the material with wjiich the water is in contact. (4-3) \ 

4. Checkdams are not used when the grade exceeds 5 percent because this would require 
placing the dams too close together. '(4-4) 

5. Minimum length of apron for a drop of 3 feet is 9 feet (3 x 3 = 9). (4-4a) 
„ a 100 x H 100 x 2 200 

6. S = = = — - — 

A - B -4-2 2 

= 100 ft spacing. (4-4a) 

. ,* 

7. The weir notch slot is always constructed l /o foot deeper than the depth of flow- as 
a safety factor. (4-4b) 

' . . \y ■ • 

8. Q = CLEP /2 v 
. 8 = 3 x 2.5 x W'j 

W 2 = 8 



3 x 2J5 




H = ^f.067 2 = 1.04 depth of water (4-4b) " 

'<#... 
9. The capacity of a specific grate depends upon the depth of water over the grate head. 

(4-5) 

10. Read from table 4-2, right from 24" x 24" to column under 1.4 ft. Capacity is 12.7 
cfs (4-5, table 4-2) . _ * ' 

/ * 

11. A ditch-relief culvert under such conditions should be placed at a 60 degree angle to 
the road centerline. (4-6a) 

12. If the outlet end of a culvert is below the surface of a stream the culvert may fill with 
sediment (4-6b) 

4A— l ; 



1M 



; . - . . ;3? 

IS. If the slope is varied, the steepest slope should be at the" outlet end. (4-6c) 

14. The minimum dis t a nce between pipes in a multiple-pipe culvert should be one-half 
the diameter of the pipe. (4-6d) % • • - 

. >y : ^ » * — - **- 

1J5. The foundation is convexed upward along the centerline to allow for future settle- 
ment and to insure tightness in the" lower half of the joints. (4-6e) 



16. The^backfill is tamped mechanically or by hand to at least 12 inches above the culvert. 
(4-6f) 

17. Corrugated metal pipe culvert used in roads must have a minimum of 18 inches of 
cover, or one-half the diameter of the pipe, whichever is larger. (4-6g) 

18* For a cut section, the length of culvert required is normally found by measuring the 
distance from the bottom of the ditch on the upstream side to the bottom of the ditch on the 
downstream side. (4-7a) , N j 

19. For a culvert over 30 feet long, pipes should be a minimum of 15 inches in diameter. 



20. The cmlvert must be able to carry the weight of the fill above it plus the weight of 
live loads that may pass over the jroad. (4-7b) 

21. Large corrugated metal pipes are strutted before backfilling so that the final shape 
of the culvert will be circular instead of somewhat flattened. (4-8) 

22. Culverts' 60" to 72" in diameter should be elongated 2" along the vertical axis dimen- 
sion. (4-8a, fig '4-13) £ 

23. Strut spacing* would be 6 feet for a 60" culvert under 25 feet of filb (4-8b, table 4-3) 

* 

24. Headwalls and wingwalls are constructed to prevent or control erosion, guide water 
into the culvert, reduce seepage, and hold the ends of the culvert in place. (4-9) 

25. As a general rule, drainage systems on military installations are designed to take care 
of the runoff .from the design storm without ponding. Ponding is provided for a storm worse 
than the design storm. (4-10) 

(A + B) , 

26. V = x b 

2 

_ 50,000 x 

* , 2 

= 30,000 x 5 = 150,000 cu ft (4-13a, b) ^ 

27/ Data such as shqwj^n)table 4-4 must be tabulated before you can plot a cumulative 
runoff curve. (4-14b) f S ' \ 



28. A cumulative runoff curve is used to determine the amount of water an area will con- 
tribute to a pond. (4-14) • . 

29* At the point of intersection of tfiese two lines, tjie volume of water accumulated ana 
the volume of water discharged are equal, so there is no "ponding condition existing. (4-15b) 

CI 

30. Determine the point w here the two lines are separated thg^yaatest vertical distance. 
This point represents the greatest^difference between the volume of water accumulated and the 
volume discharged (4-15c) m * 

31. Ponding will appreciably reduce pipe sizes for areas that have a short time of con- 
centration. (4-16) , 

33. Corrugated (fee tal pipe (CMP) is the most common pipe material used for culverts 
in the theater of operations. (4-^a) 

33. Where ponding is undesirable, culverts should h%ve sufficient capacity to pass the peak t 
runoff from the design storm without ^allowing the water surface at the inlet to become higher 
than the inTet. (4-18a) [ 

34. The "head" on a advert where the inlet is submerged and the outlet not submerged 
is the difference in elevation" of the water surface directly above the inlet and the top of the out- 
let. (4-18b) * f 

35. The "Critical slope", for a culvert is ,the minimum slope of the hydraulic gradient that 
will permit maximum discharge. (4-18c) f 



• 4A — 3 I 

UG 



. 137 

• „ - 

ANSWERS TO REVIEW EXERCISES 

LESSON 5 

I. The coefficient of permeability is jt~ property of the soil and is defined as the discharge 
velocity at a unit hydraulic gradient. (5-la) 

% When seasonal fluctuations of ground wa,ter may be expected to rise to a level less 
than i foot below the bottom of thfe base course, subgrade drainage is required. (5-lb) 

* 3* If a gravity drainage system is impracticable, it may be feasible to solve the problem 
by increasing the depth of the base course so that the water table is a specified distance below 
the top of the base course. (3-2a)f 

4. Deep V-ditches may create traffic hazards and they are subject to erosion. (5-2b) 

5. The most common form of subsurface piping is perforated pipe. (5-2d(D) 

6. The invert is defined as the lowest point in the internal cross section of the pipe at one 
particular location. (5-3a) 

1 Manholes should be provided at intervals of not more than 1,000 feet. (5-3b) 

8* Center of subgrade lines shdUld be not less than 1 foot below the ground-water table. 
(5-3d) 

9. Vertical wells are constructed to permit trapped subsurface water to pass through an 
impervious soil or rock layer to a lower, freely* draining layer of soil. (5-4) 

10. The selection of the proper filter material is of great importance sinqe jt determines 
to a larger extent the success or failure of the drainage system. (5-5) 

II. If improper filter material is u^ed, a drainage system may become inoperative in any 
of the following three ways: (5-5) r ^ f 

a. The pipe may become clogged l)y the infiltratioivtif small soil particles. 

b. Particles in the protected soil may ipove into or through the filters, causing in- 
stability of the surface. 

a Free ground water may not be able to reach the pipe. 

12, To permit free water to reach the pipe, the filter material must be many times more 
pervious than the protected soil. (5-6c) , 

* * 

13. Well-gfaded soils generally have a smooth grain-size curve .with gradual changes of 
slope. (&6e) • • 



HO 



14 The soil curve for a skip-graded soil is horizontal through the r&nge of missing sizes, 
giving the curve the appearance of a hump in that area. (5-6e) 

15. When more than one layer of filter material is required, the designer should select the 
filter material to be placed around the pipe first (5-7) ' 

16. The hole size must M converted from inches to millimeters by multiplying the inch 
size T>y the factor 25.4. (5-8) 



17;\ 



t 85-percent size of filter material 



hole diameter 



, is greater than 1.0 



13 



13 . ' ' 

= , is greater than 1.0 ' 

y 2 X 25.4 12.7 

/. soil B will* not clog the drain pipe. (5-6a, chart 1) 

- > 60-percent size of filter material 

18. Cu = : , is less than 20 

10-percent size of filter material ^ v 

19 

= — = 13.6, .'.segregation will not occur' (5.6d, chart 1) 
1A ^ > ' ' ' l - 

19. Two conditions r&^tfle satisfied: 1 

15-percent size of filter material 



85-percent size of protected soil 



, is less than or equal to 5 



50-percent size of filter material 
and, — : — : — — — )i x , is less than or equal to 25 



50-percent size of protected! soil 
0.80 
0.27 
5.20 



2.96 is less than 5 



20. 



" ^ = 45 J2 is greater than 25- ' 

o.iis r 

.'. soil C is not acceptable. (5-6b, chart 2) 

15-percent size-of filter material - ^ 

— : is greater than or equal to 5 

15-percent size of protected soil 

0.46 
0.017 



27.0r is greater than 5 



.'. fVee^water will reach the pipe. (5-6c, table 2) 



5A- 



1234 



. 63,218 — AG — Ft B«lircrfr 



148 



3?$ 



Hi 



3 



y EXAMINATION 

. °i «w 

ARMY cdft'R E^P0J4 D E N C E COURSE • ENGINEER SUBCOURSE 359-3 

DRAINAGE 
CREDIT HOURS 3 

TEXT ASSIGNMENT Review previous lessons. 

MATERIALS REQUIRED 1 Annex A.' 

Chart 3. 

; r 

EXERCISES i 

First requirement. Solve multiple-choice b. intercept subdrain 

exercises I through 10 which will test your c French drain 
knowledge of basic drainage principles. • 

d. combination drain 

. 1* All drainage can be classified 
as surface or subsurface. Which of the . 4, Your unit is responsible for con- 
following provides the simplest, cheap- struction of the taxiway shown in figure 
est, and most efficient method for han- J^l, Clearing and grading operations 
dling surface water? u Bkve just started and many large trees 

x a.- embankments c. storm drains must 136 removed. WJiat is the first ac- 

» # tion you should consider in fregard to 

. b. ditches m d. culverts the drainage problem? 

2. In what way, in regard to in- ^ Construct a culvert at the intersec- 
stallatipn, do culverts differ from > tion of the natural drainage channel 
storm drains? ; and taxiway 

a. generally conform to the grade .and b attempt to drain the swampy area 

abnement of the natural drainage- - with outfaU and/or diversion ditches 
V channel 

*" b., provide for the disposal of both sur- * * ^tmct side ' ditches along both 

face and subsurface water shoulders of .the taxiway as in final 

♦ plans 
c drain a small area and carry the 

water- to the nearest watercourse' relocate the natural channel 

d, are only used where the construe- 5, Construction operations on a 

tion is'to be of a permanent nature r0 ad are being suspended for 3 days. 

• ' » Near the end of the last shift of the day 

3. When a subdrain is so con- < - that work ^ to be suspended, you ab- 
stracted that it win permit the entrance s * erve ^ ^ cro ^ gection pt a pa rtial- 
of surface water, what is it called? - ly comp i €t ed length of road is as shown 

( ^ open subdrain ^ in figure E-2. What ^ction, ft any, would 

EDITION 3 (JULY 1973) ' E~l 




Figure E-l. For use with exercise A. 
> *» ^ 

you direct before suspending the proj- 
ect? 

a. install open-top culverts 
b« install diversion ditches 
a crown the subgrade 
cL no action required 



^ FILL 

* ' NATURAL GROUND — ^ 
Figure »E-2. For use with exercise 5. 



6.^ Erosion of the ' traveled way 
parallel loathe road centerline, as shown 
in figure E-3, has occurred. The road is 
gravel surfaced and has a steep grade/ 
Which of the following courses of ac- 
tion is most appropriate for handling 
this drainage problem? 

a. construct open-top culverts 

b. install perforated pipe 

c. improve side ditches 

d. no action required. 





SECTION A- A 



Figure E-8. For use* with exercise G. 

7: Unless exceptional circum- 
stances require greater protection, 
drainage for military construction 
should be based upon what design storm 
frequency, in years? 



a. 1 

b. * 2 



c 5 
d. 10 



* 8* In road and airfield construc- 
tion, -what is the best time to take care 
of the problems relatipg-to subsurface 
drainage? 

a~ prior to establishing final plans' 

b, before other construction work 
starts 

c; when construction operations are 
initiated 

d. upon completion of other construc- 
tion * 

9. .What is the rnost likgly cause of 
pavement- failure if ' the subsoil under 
the pavement varies abruptly from 
clean sand to silty And mixture^, the 
water table is %V<> tor 4 feet below, the 
roadway surface, and the area- has ex- 
tended freezing periods? 
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a. differential frost heaving 

h. settlement of subgfade 

. c failure by jumping 

d. uniform frost Heaving 

10. From th^J pfadM iftt of ^main- 
tenance of roads^nflKelds it is de- 
sirable that thawing iSSMta approach 
slowly, 4 with temperatures remaining 
just above freezing for some timeN^hy 



is this? 



0 



the longer the* ground remains fro- 
> zen thsless maintenance that is re* 



■ zen thale 
quirecP^ 



b. 



a slow thaw from the top down pro* 
- vides more time for water to run off 

c this allows thawing from the bottom 
up and the released wate^r can es-* 
cape downward 

it increases surface water jrather 
^ than subsurface water ancLredtices 



drainage problems 




lent Solve multiple-choice 
>ugh 20,which will test your 
ledge of surf ace runoff. 

11. By&e Hasty Method, how 
many 36-ioch-diameter pipe culverts 
will.be needed for a stream haviA 
bed width of 5.0 feet, a depth of ' 
at *high-wat^timark of 2.0, feet, 
width of stream at f high*water marTof 
<T.0 feet? 

^3 




12. For an area to be classified as a 
compiex* draijttge area which of- .the 
followteg conBions *muai exist? 

•a** $irea must have some flat and some 
rolling" terrain, with varieties of 



cover^ 



Ik* v mag have any nupaber of types of 
* soil ,or cover but one must equal 
'80% of the area- • 
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must include successive drainage 
areas' requiring determination o! 
equivalent lengths 

must have two or more types of soil 
or cover, nope equal to or exceeding 
" % of the area 



13. In the Rational Method the fac- 
tor "C[ is the ratio of runoff to tainfalL 
Why is "CT' always adjusted when 
ground slopes exceed 2%? 

a. greater sldpes result in reduced 
ratio of runoff to rainfall ' 

"C" must be increased to reflect the^ 
•eater amount of water loss 




increase runoff flows faster 
infiltration ■ 1 

d. at 2% slope sheet flow becomes 
chann el ized and evaporation is, re- 
duced 

* 

14. Maximum runoff from a drain- 
age area will occur only if the rainstorm 
' ^ had two particular characteristics. 
. Which of the following includes these" 
two c^racteristics? 

a. ihust coyer the entire area for a 
rv v i>eriod just equal to the time of 
•\\.V - fconceBtration • * 



b. 



should be heaviest 
around the outlet 



in the area, 



c. 



miist continue at its maximum in- 
tensity beyond the TQC 

\ d. 'must continue lieyond the TQC but 
• ♦ its intensity may lessen , 

15. You have drtermiqgd ..that the 
TOC for a drainage arearin the vlcihity 
of New G /Jrieahs, Louisiana to Se 35. 
minutes/ What rainfalls intensity will 
you "expect for the TOC? 



a. 



3.0 
b^3,5 



4.0 
4.5. 



1ST 



- \ 



JL6. In order to apply the formula 
Q = CIA it is necessary to kn6w the 
sizl of the drainage area in acres. What 
must be done before the size of the 
area can be determined? 

a. the coefficient of ninoff must be 
selected 0 

b. the area must be defined 

c flow paths must be located • 

t * 
d. outlet elevation must be estab- 
lished 

17. What diameter round pipe, in 
inches, will be required for a drainage 
area of 40 acres injrelatively flat terrain 
(use C == 0.3>? Solve, using nomograph 
for solution of Talbot's formula, fi£ 
2A-1. 



a. 18 

b. 24 



r 
a. 



30 
36 



18. In working with the Corps of 
Engineers method for estimating run- 
off, why is it necessary to convert the 
average length .of runoff flow to an 
equivalerifdength? 

a* w -to reduce the three flow types, 
sheet, channelized, and ditch, to 
common values 

b. equivalent length is used because of 
the irregularity in shape of most 
. drainage areas 



account 
linates 



<k this conversion takes hr 
jjjp .the variables 'and e 
judgment decisions 

dL because the graphs used ^fcaunte 
n == 0.40 and S = 1.0, variations 
must be adjusted to these values 




a. 8.5 
b: 12.7 



c 16.1 
<L 20.6 * 



20, The representative d^aijiage 
path for a simple drainage area lias 
sparse grass cover, is 400 feet loq^and 
is on a*2.0 percent slope: What' is 'the 
equivalent length* in 'feet for this drain- 
age path? '/ ^ 



a, 130 

b. 141 



c 152 
d. 163' 



Third requirement. Solve multiple^choice 
exercises 21 through 30 which will test your 
-knowledge of the design of ditches *and ^cul- 
verts. * # 

21. A V-ditch with 5 to 1 side slopes 
and a flow depth of 2.0 feet is in your 
, drainage system. Whatris tjie cross-sec- 
tional area, in square feet, of water flow- 
ing in the ditch ? 




< 19. Xssumiiig that a drainage area* 
of 10.3 aches has a weighted equivalent 4 
length of 500 feet and a weighted sup- . ' 
ply rate of 2.0 inches per hour, what * , 
would be the maximum rate of runoff 
in cubkyfeet per second? 

' ' E — 4 



12.5 

id 



i c. 



17.5 
20.0 



J22. A trapezoidal ditch has a base 
width of 12 feet, side, slopes of 5 to 1 
,and a flow depth of 1 foot. What is the 
wetted perimeter, in^feet? 



a. 22 

b. 26 



c. 30 

d. 34 



23. A trapezoidal ditch 1 foot deep 
is covered with a good stand of gra^s 
which is 8 inches high. What value of 
Manning's "n" would you use in your 
calculations? 



a. 0.020 

b. 0.025 



c. 
d. 



0.040 
0.045 



24. A trapezoidal ditch has a base 
width of 10 feet, side slopes* of 4 to 1, 
and a flow depth* of 3 feet. What is th§ 
hydraulic radius in feet? 

a. 0.9 c. 1.9 

b. 1.4 d. 2.4 • ' 
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25. You are determining the slope 
of a dear, unlined drainage ditch for an 
airfield What is the minimum slope, in 
percent, you should consider? 



*. 0.1 
b. 0.3 



c 0.5 
cL 0.7 



26. You have, established that a 
trapezoidal ditdx 10 feet wide with side 
slopes of 8 to 1 and a> flow depth of 1 
foot will be requireS to carry away 
water collected from a rukway^This 
ditch has an area of flow of iS^square 
feet, a wetted perimeter of 26.1 feet, 
and an n value of 0.020. What slope, in 
percent, will be required for a "flow of 
104 eft? 



a. 0.4 

b. 0.6 



c 0.8 
d. 1.0 



27. Assuming you fcavfc a V-ditch 
with side slopes of 10 to 1, have cal- 
culated a runoff of 20 cfs and a flow 
depth of 2.0 feet, what will be the veloci- 
ty of. flow in the ditch, in feet per 
second? 



a. 0.25 

b. 0.50 



c. 0.75 
<L 1.00 



28. A trapezoidal ditch has a slope 
of 1 percent, a width of 10 feet at the 
bottom, side slopes of 12 to 1, an n value 
of 0.025, and the depth of flow is ob- 
served to be 1 foot What is the rate 
of flow in cfs in this ditch? 



a. .78 

b. 88 



c 98 
<L 108 



29. What size concrete pipe, diam- 
eter in inches, will be required for a 
culvert which will be placed on a 0:6 
percent slope and must, carry 73 cfs? 

a. 36 c 48 



b. 42 



<L 60 



" H 30. What is the velocity of flow, in^ 
ft/sec, in a 36-inch CMP installed on a' 



0.64 percent slope, when it is discharg- 
ing 30 cfs? 



a. 

b. 



3.0 
4.0 



c 5,0 
<L 6.0 



Fourth requirement. Solve multiple-choice 
exercises 31 through 40 wiich will test your 
knowledge of drainage construction, check- 
dams, drop inlets, .culverts, and ponding. 

* 

31: V-ditches are probably, more 
easily constructed and maintained than 
trapezoidal ditches where the required 
capacity does not exceed a certain quan- 
tity. What is this limiting quantity, in 
cfs V 
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a. 
b. 



70 
80 



c 90 
d. 100 



32. A ditch is 2,000 feet long and 
has a slope of 4 percent. You are to 
reduce the slope to 1 ^percent by use of 
checkdams. The height of drop of each 
' checkdam is to bd 2 feet. What ig the 
spacing, in feet, of the checkdams? 



a, 35 
.b. sa 



c 67 
d. 80 



33. You are designing a drainage 
system for a paved area and plan to use 
36-inch by 36-inch-square grate inlets. 
For desigh purposes what quantity of 
jiow, in <*fs, should you consider each 
grate capable of discharging if the head 
is to be 1.0 foot? 



a. 
b. 



16.5 
24.7 



c 37.0 
d. : 49.4 



34. You are supervising the place- 
ment of a 48-inch CMP that will run 
under a finished road. At what mini- 
mum depth, in inches, below th£ finished 
road surface should you place the bot- 
tom of .the CMP? 

a. 54 c 



b. 60 



66 
72 



* . 
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\ 35. 'You are to determine the maxi- 
mum diameter culvert that 'can be 
placed under the taxiway in figure E-4 
and. that will satisfy cover require- 
ments. The only pipe available'is 10-* 
gage CMP and 'the .design load- is a 
120,000-pound plane. What is the 



mum diameter; in inches, that 
should specify for'tfts particular 
vert? 



you 
cul-. 



a. 24 

b. 36 



c. 48 

C d. ,60* 




'Figure E*Jf. For use with exercise $5. 



36. .You are to place a 72-inch diam- 
eter CMP culvert 175 fee£ long in a fill 
as shown in figure E-5. The -ends of 
the\CMP are not to be cut to the slope. 
Bow many linear fefct of 4-inch by 4-inch 
"'umber will you need to strut this cul- 
vert? Disregard the jack struts and 



the bearing blocks and compression 
caps used with jack struts. Use nominal 
size of the timber (4-inch by 4-inch)% 



Vf a. 647 

- b. 672 



c. 706 

d. • 741 




Figure For use with exercise 36. 



E — 6 

151 




87* It has been determined that two 
48-inch diameter CMP culverts will be 
required. In designing a concrete head- 
wall for these two qulverts what center- 
to-center spacing do you provide, in 
feejt? 



a* 2 
b. 4 



a 6 
cL 8 



38, Figure E-6 illustrates an area 
which is being considered for ponding. 
The area included within each contour 
.line is as indicated What will be the 
storage capacity, in cubic feet, if the 
pond is to extend to the 56-foot con- 
tour? 




a. 228,000 

b. 255,000 



«3c 289,000 
<L 305,000 



Area bounded by* 

•i 


Total area in sq ft 


58-foot contour 


160,000 


56-foot contour 


110,000 


54-foot contour 


• 50,000 


52-fobt contour 


. ' . 18,000 


50- foot contour 


■ ^ 6,00(5 


49-foafc?contour 


0 



•A!! contours are concentric. 



Figure E-6. 'For use with exercise 38. 



39. The head (H) on a culvert in 
which ihe inlet is submerged and the 
outlet is unsubmerged, is defined as the 
difference in elevation between 

a. the water surface directly above the 
inlet and the water surface at the , 
outlei / 

b, the water surface directly above the 
inlet and the top of the outlet p 

c the invert of -the culvert at both the 
inlet and outlet 

d. 'thg water surface aboVe the inlet 
$nd the invert at the outlet 

: 40. Why is it important to be able 
to determine the critical slope of a j 
culvert? 

a. the critical slope indicates the point 
where the culvert may fail 

b. the capacity of the culvert is less 
when the critical slope is exceeded 

c. at "the critical slope, the .culvert has 
reached its maximum capacity 

d. the velocity of flow then exceeds 
' maximum permissible^ discharge 

velocity 

Fifth requirement Solve multiple-choice 
exercises 41 through 50 which will test your 
knowledge of subsurface drainage. 

• 41. Line AJBfdhi figure E-7 repre- 
sents the profile of the centerline of a 
portipn of a road. Road crown and the 
' topography of the surrounding ' area 
#make it extremely unlikely that inunda- 
^ tion will occur in this portion. Tests 
indicate that tie subgrade coefficient of 
permeabiUtj^&lbbeu^x 10* 4 . You de- 
termine that base drainage is necessary 
at which of the following? 

a. A, B, and'.C 

b. A and R only 
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m 

p. A only 



<L B only 
A 
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42. A road must be constructed 
across a swamp at its narrowest point 
(about 150 feet). The grbund water 

EL 68.5 1 - 



EL 18.2' 



1000yd 



800 yd 



Figure E-7. For use with exercise 



level is at the surface and the soil is 
impervious. Which of the following 
-methods do you choose to handle this 
drainage problem? 

a. 'construct french drains along 
shoulders of road 

.%b. raise the road with fill at least 5 
feet about ground water level 

<L drain the swamp by use of trape- 
zoidal ditches 

cL install a perforated pipe, collection 
' and drainage system 

43. A subdrain is required to lower 
the water table in the subgrade of a 
road. Specifications require that the 
invert of the 8-inch drain, pipe be not 



EL 87.5 



less* than 4 feet below the road shoulder. 
Tie drain pipe will discharge into a 48- 
inch culvert which normally flows half 
full. You are presented a plan as illus- 
trated in figure E-8. Based upon criteria 
given in this subcourse, what change, or 
changes, if any, must you make? 

a. bring the drain into the top of the 
culvert with a vertical pipe connec- 
tion 

b. increase the -grade of the subdrain 
by lowering the outlet into the cul J 
vert 

c decrease the grade of the subdrain 
by lowering the pipe at point A 

d. approve the plan as presented with- 
out any change , \^ 



EL86:5' 




Figure E-8. For use witft exet^se 4$. 



44. A 5,000 foot runway has a sub- 
grade drainage system consisting of a 
single line ofi 6-inch perforated pipe 
along each side of the pavement Each 
line is 6,000 -feet long, has dead ends, 
and discharges into 8-inch collector lings 
at 1,000-foot intervals. How many miff- 
holes' should be installed for these drain 
lines? 



a. 10 

b. 12 



c 14 
<L 16 



45. You are planning to place an in- 
tercepting drain at point "A" in figure 
E-9. What is the minimum distance, in 
feet, below point A that you should 
place the bottsa of the 6-inch open- 
joint drain pipe you plan to use? 



Special situation. It has.-been decided that 
subsurface drainage will be required along a 
portion of the runway at an Army airfield 
Chart 3 shows mechanical analysis of the 
subgrade soil and of the available soils, A, B, 
C, and D, for use as filter material. Solve 
exercises 46 through 50 based upon this situa- 
tion! Use 2§.4 millimeters per inch where con? 
^ersion is required. 

* T 46. If you have pipe with 0.5-inch- 
wide slots, how many filter materials 
would be satisfactory, assuming that 
all the filter materials satisfy other 
criteria? 



a. one 

bit two 



c. three 
dfcJ? four 



a. 2.0 

b. 3.0 



a 4.5 r 
cL 5.5 



47. 'Pipe available for use in the 
subsurface drainage system has %- 
inch-diameter perforations. How many 




GROUND WATER LEVEL 




IMPERVIOUS ZONE 

Figure E-9* m For use with exercise 45. 
E — 9 
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of the filter materials shown in chart 3 
may be satisfactorfly^ised with this 
pipe, assuming that all of tnem satisfy 
other criteria? 

a* one a three 

b, two ^d. four 

48. How many of the filter mate- 
rials-will prevent movement of particles 
of the subgrade soil into or through the 
, filter material? 

a* none c two 

b. one cL three 



49, How many of the filter mate- 
rials will allow free water to pass from 
the subgrade soil to the pipe? 

a. one c. three 

b. two ' d. four 

50. How many of the filter soils 
available for use as a filter material 
have a satisfactory coefficient of uni- 

^ formity? 

a. one a three 

b. two d. four . 



v 
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TABLE OF ROUGHNESS COEFFICIENTS (MANNING'S n) 
Av ' OPEN- CHANNELS— NO NVEGETATED . 



Type of Lining 



Manning's n. 
Good Poor 
addition Condition 



"1. . Natural Streams 

a. Clean, straight bank, full state, 
no rifts' or deep pools 

b. Sums ae^l) but sobs weeds and stones 

c. Clean, winding, some pools and shoals 

d. ^SaSs as («)y lower stages, more Ineffective 
slope and sections 
'Sane as (c), some weeds and stones 
Suss as (d), stony sections - 
Sluggish river reaches, weedy or with 

. very deep pools 
h. Very weedy reaches 
i* Coarse gravel, weeds on banks 
J.* Fine, well-packed gravel 



A 
e. 



.025 
.030 
.033 

.040 
.035 
.045 

.050 
.075 
.025 
.020 



.033 
.040 
.045 

.055 
.050 
.060 

.080 
.150 
.033 



2. Earth 

a. - Bare, straight, uniform 

b. Dredged, rough bed 

c. Minding sluggish 

d. . Earth- bottom, rubble, sides* 

* 3. Natural Rock 

a. Cuts smooth and uniform- 

b. Cuts jagged and Irregular 

4. Stone Work 



a. Dressed ashler 

b. Dry rubble (riprap) 

c. Cement rubble 



.017 
.025 
.023 
.028 



.025 
.035 



.013 
.025 
.017 



.025 
.033 ' 
.030 
.0*35 * 



.035 
.04? 



.017 
.035 
.030 



5. Masonry 

a; Concrete finished 

b. Concrete unfinished 

e. Brick 



.011 
.015 
.012 



.014 ' 

.020 

.017 



6. Wood 

a. Planed 

b. Unplaned 



.010 
.011 



.014 
^015 . 



a. Saooth x 

b. Corrugated 



.011 
..022 . 



.015 
.030 
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? B. OPEN CHANNELS— VEGETATED 



Manning 1 
Trape- 
zoidal 
Channels 

With. 

Depth 1' 



8 n 

Wide 
Shallow 
Channels 
or Swales 

with 
Depth V 



8. 



Good Stand of Grass 



a. Longer than 24" .09 .30 

b. 10" to 24" .06 .15 

c. 6" to 10"' \ .04 .08 

d. Shorter than 6" .035 .06 
If stand Sss ^nly fair use value of n 

in next lower line e.g. for a fair 
stand 24" in trapezoidal -channel use 
n * .06 



C. CLOSED 



ID CHANN 



NELS 



Type of Lining 



Manning's n 
„j3ood Fair 
Condition ',' Condit ion 



Pipe 



aj 

c. 
d. 

10. 



Concrete 

Corrugated Metal (plain) 
Corrugated Metal (paved invert) 
Cast Iron (uncoated) 
Vitrified clay 

, Box Culverts 



a. Concrete 

b. Brick f 

c. Cemented Rubble 



.010 
.021 
.019 
.011 
.011 



.013. x 
.012 
.017' 



.016 
.025 
,02.3 

.015 
.014 



.015 
.017 
.030 
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TaWe Of Maximum Mean Velocities Of Streams To Prevent Erosion 



Material 

Very light pure ©and of quicksand character 

Very light loose sand 

Coarse Sand 

Light Sandy Soil 

Average Sandy Soil 

Sandy Loam 

Average Loam, Alluvial Soil, Volcanic Ash Soil 
Firm Loam 
Clay Loam 
Stiff Clay- 
Ordinary Gravel Soil 
Coarse Gravel, Cobbles, Shingles 
Ceaer&ed Gravel, Conglomerates * 
TouglN^rdp|wi, Soft Slate 
Soft Sedimentary Rock 
Hard Rock 



M*an Velocity 
ft /sec ' * 

. 0.75-1.00 
1.00-1.50 
1,5072.00 
1.50-2.00 
2.00-2.50. 
2.50-2.75 
2.75-3.00 . 
3*00-3.75 
3.00-3.75 
4.00-5.00 
4.00-5.00 
5.00-6.00 . ' 
6.00-8.00 
6.00-8 fOO 
6.00-8.00 
10.00-15.00 
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TABLE OF ALLOWABLE VELOCITIES FOR ERODIBLE CHANNELS 

4 

Earth— No Vegetation* 



/62- 



Type of Lining 



Maximum 
Allowable Velocities 

Clear Water Water 
Water Carrying Carrying 
Fine Silts Sand and 





* 


• (C< 

ft /sec 


3llodlal)Gravel 

ft/sec ft /sec 


a. 


Fine" Sand (noncolloidal) 


•1.5 


2.5 


,1.5 


b. 


'Sandy Loam (noncolloidal) 


1.75 


2.5 


2.0 


c. 


Silt Loam (noncolloidal) 


• 2.0 


3.0 


2.0 


d. 


Ordinary firm loam 


2.5 


3.5 . 


2.25 


e. 


Volcahic ash 


2.5 


3.5 


2.0 


f. 


Fine gravel* 


2.5 


5.0 


3.75 


g. 


Stiff clay (very colloidal) 

• * 


3.75 


5.0 


J3.0 


to 


Graded, loam to .cobbles ^ 
(noncolloiaal) 


3.75 


5.0 I 


5.0 



i. Graded, silt toicobbles 
(colloidal) 

• j. Alluvial silts (noncolloidal) 

' k.~ Alluvial silts (colloidal) 

> 

.1. Coarse gravel (noneolloidal) 

m. 1 Cobbles and shingles 

*n. Shales- and hard pans 



4.0 


5.5 


5.0 


2.0 


3.5 - 


2.0 


3.75 


•5.0 


3.0 


4.0 


6.0 


•6.5 


5.0 


■5; 5 


6.5' 


6.0 


6.0' 


5.0 



♦Recomnendted in 1926 by fecial Committee on Irrigation 
Research ASCE 



ANNEX A-3 For Use With Subcolirse 359 



170 



I to 



TABLE OF ALLOWABLE VELOCITIES FOR ERODIBLE LININGS 
Earth with Vegetative Cover 



Type of Cover 



a* Bermuda grass sod 



b. Sod- forming gra^s such as: 
Kentucky Blue grass 
° * ' Buffalo gr£ss' 
_ anooth Brome 
Red Top 
Blue Gamma 



c* 



Cle 



Easily Erosion 
Slope Eroded Resistant 
Range Soils Soils 

% ft /sec ft /sec , Q . 



Grass mixture* This is not 
recommended for use on 
slopes steeper than 10£ 

Bunch grasses, vine* and 
similar open cover such as: 
Lespedeza 
Weeping Lovegrass 
Ischaemum (Yellow Bluestem) 
* Kudzu 
. Crabgrass 
Sudan grass 

Annuals (for temporary use') 



0-5 


6 


8 


5-10 


5 


r 


10/ 


4 


6 


0-5 • 


5 


7 


5-10 


4 


6 


10/ 


3 


5 


0-5 


4 


5 


5-10 . 


3 


4 


0-5 ' 


2.5 


3. 



Not recommeded 
' for use on slopes 
steeper than' 5% 
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2- 

2 
m 

X 



Co 
c 
or 
n 
O 
C 



CO 



CAPACITY OF CULVERTS WITH FREE OUTLET, CMP 

Water-Surface at Inlet same Elevation as Top of Pipe, and Outlet Unsubmerged 
Values are in cubic feet per second, n « .024 




NOTES: 1. Underlined values for Q indicate critical 
slope for the respective pipe. 



2. The stairs indicate velocity of discharge 
in fps» * ' 



9 

ERIC 



17 



9 



CAPACITY OF CULVERTS WITH FREE OUTLET, CONCRETE PIPE 



^ Water-Surface at Inlet same-Elevation as Top of Pipe, and Outlet Unsubmerged 

Values are in cubic feet per second. n s .013 


Slope 
in % 


Diameter of Pipe, in Inches 


V fns 12 18 v 24 30 36 42 48 60 li V f „ a 


.4 
.6 
.8 
1.0 


4 


2.3 
2.5 




6.6- 14 25 , 39 58 • 82 . 1£0 230 


11 




7. 1 
7.1 


15 


26 40 
26 40 


11 
59 


83 
83 


150 


230 


V 12 


5 


'~2.6 
2.6 










Vfps ' 


6 


7 


8 


9 , 


10 


11 


• V fps 





NOTES: 1. Underlined values for Q indicate critical 
slope for the^respective pipe. 

2. The stairs indicate velocity of discharge 
in fpse 
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, PIPS COWL RBQUEREHDJTS FOR AIRFIELDS (Df F8E?) 

(D*t* Pr*p*r*d by th* 0. S. Knginwa, Offioa of tha Chi*f of Enginaara) 



TTPI OF PIPI 


1 30,000 LB PUKS 


80,000 LB PLAW 




120,000 LB FLANK 


300,000 LB PLAKK 




(Pip* Di«m*t«r In loch**) 


6 


12 


24 


36 


46 


60 


6 


'12 


24 


36 


46 


60 


6 


12 


24 


36 


46 


60 


6 


12 


,24 


36 


48 


60 


;iay SfMT £l£t 


1^6 


3.0 


3.0 


3.6 






3.6 












4.0 












7.0 










- 


iUy CulTTt Pip* (AA3B0) 




1.5 


1.5 


2.0 








3.0 


3.6 


3.5 








3.6 


4.6 


4.5 


















:oocrat* 3— *r Plpa 


1.5 


2.5 


3.0 








3.0 


4.0 










4.0 












6.0 
















2.0 


3.0 


3.5 


4.0 


4.0 




3.6 












4.6 






















talnforoad Conorat* 3a**r ^pt 
Ralnforc*d Concrtt* Culr«rt Pips 




1.5 


2.0 


2.6 


2.0 


2.0 




2.6 


3.0 


3.5 




3.5 




3.0 


4.0 


4.8 








4.0 


6.0 


7.0 


9.0 


10.0 


K*lnforo«d Conor at* Cul wt Pip* 
(fectra 3tr«tth) 






1.0 


1.0 


1.0 


i.o 






2.6 


r.5 


2.5 


2.5 






3.0 


3.8 




3.6 




4.0 


6.0 


6.0 


6.0 


7.0 


:orrucat«d lUtal Plpa - 18 Gtft 


1.6 












1.5 


2.0 










2.0 












3.0 












Corrugated lUtal Plpa - 16 Gagt 




1.0 


1.6 








1.0 


2.0 


3.0 








1.5 


2.5 


4*.0 








2.0 


3.0 


6.0 








Corrugated Uetal Plpa * 14 Gap 






1.0 


2.0 








1.6 


2.6 


3.5 








2.0 


3.0 


4.0 








2.5 


6.0 


7.0 






Corrugated Wetal Plpt - 12 0*g« 








1.0 


2.0 








1.5 


2.5 


3.5 






1.6 


2.5 


3.5 


4.0 








4.0 


6.0 


7.0 




Corrug»t*<i IfgUl Plp» - 10 Gag« 










1.0 


1 

1.6 









2.0 


2.5 


3.0 






2.0 


3.0 


3.5 


4.0 






3.5 


5.5 


6.5 


7.0 


Corrupt*! MtUl Plpa - 8 Oag* 












1.0 




i— 






2.0 


2.S 








2.5- 


3.0 


3.S 






8X0 


5.0 


• 6.0 


6.6 



DOTES: 1. Pip* to conform to ASTM Spaoiftoationa txoapt at nWl, Pipe produoed by o*rtain »nufaotur*ra axoatda ttrtngth 

•aUblialTad by AS TV atandard*. When proof of •xtrtHfc»ncth. it aubnitted the minima cow may bt wied aooordingly. 



2. Cow for pip** ■ithln landing or taxinay atripe or aimliar traffio areaa ihell b* prorid*d in aooord*noo »ith 
abore Ubla axoept prorid*d for rigid paTementa in .Hot* 3 b*l<m. 

3. Pipg plao*d uadar coocr*t* airfield pawmt* '•Ml 1 haT* a minimum oor*r manured balo* th* tltb of 1.0 foot for 
pl«o» lota* up to and including 120,000 lba. and 2*0 fwt for 300,000-lb* plane loedo, oxoopt that minimum cow 
below thioktned edgea My b* r*duo*d to 0.6 foot for 120,000-lb plane load* 4 or loot, and to 1 .0 foot for 300,CO0-lb. 
plan* load*, £ 
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Recommended gages for nestable 
corrugated pipe 



Diam. in 
inches 


Waterway 

area 
(sq.ft.) 


Fills up 
to 8 ft. 

0 


Fills up 
to 16 ft. 


20-ft. 
fill 


25-ft. 
fill 


30-ft. 
fill 


3S-ft. 
fill 


40-ft. 
fill • 


8 


.35 


16 


16 


16 


16 


16 


• 

. 16 


16 


10 


.SS 


1 « 


1U 




16 


16 


1 fi 


ID • 


12 


.79 , 


16 


16 


16' • 


16 


16 


1*6 


16 


• IS 


1.23 


16- 


16 


16 


16 


16 


16 


;6 




1.77 


16 


16 


16 


16 


16 


16 


16 


21 


k 2.41 


16 


16 


16 


16 


16 


16 


16 


24 


3.14 


16 


16 


16 


16 


14 


14 


14 


30 


4.91 


14 


14 


14 


14 


14 


12 


12 


36 


7.07 


14 


14 


14 


12 


12 


12 


10 


'42 


9.62 


14 


14 


12 


12 


10 


10 


8 


4 48 
54 
60 
66 
72. 
78 
84 ' 


12.57 
15.90 
19.64 
23.76 
' 28.27 
33.18 
38.49 


12 


12 


12 


10 


8 


8 


8 


12 ' 

12 

10 

10 " 
8 

,.8' 


12 
10 

10 , 

' 10 
8 
8 


10 
8 
8 
8 
8 
8 


8 
8 
J& 
v 8 
8 
8 


8 
8 
8 
8 


8 
8 
8 

Must 
signed f 
fill heig 
others 
40 ft. 


$ 
8 

3e de- 
ar these 
hts and 
above 



1 



Note* Culverts below heavy line should be strutted during installation. 



Strut spacing using 4- by 4-inch timbers with 
compression caps 



* 


Diameter 

in 
inches 


Length of 
strtlt in 
inches 


Fill heights, in feet 


1-5 




" 5-10 


10-20 


20-30 


Spacing of struts in feet 




48 


37.5 


6 




6 


6 " 




6 




54 


43.6 


6 




6 


6 




6 




60 


49.8 


6 


1 




'6 




6 . 


1 


66 


56.0 


• 6 






y 6 . 




6 




72 


62.2 


6 






6 




5 
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' CHART I ^< continued) 



UgCOURSE 359*-3 - 
CURVES 

: rtl; 




:erjc, . WlPi-: 



0.01 0.005 

1 23 4 £- 63,218 - AG>^J Betvoir 



sr: 



